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U.S.  DEPARTMENT  OF  COMMERCE 

National  Technical  Information  Service 

Center  for  the  Utilization  of  Federal  Technology 


ALSO  DESCRIBES  90  FEDERAL  TECHNICAL  INFORMATION  CENTERS 


NOW!  Work 
Directly  with 
Government 
Labs  and 
Engineering 
Facilities 


"The  Directory  should  be  popular  in 
research  and  business  libraries" 

—  Reference  Book  Bulletin 
American  Libraries  Association 


Find  them  easily  in  the  Direc- 
tory of  Federal  Laboratory 
&  Technology  Resources. 

This  valuable  directory  will  guide  you 
to  hundreds  of  Federal  agencies, 
laboratories,  and  engineering  centers 
willing  to  share  their  expertise,  equip- 
ment, facilities,  and  special  services 
to  aid  your  research  and  engineering 
efforts.  Detailed  summaries  of  these 
unique  resources  are  arranged  in  32 
subject-oriented  areas  for  easy  ref- 
erence. Descriptions  of  90  Technical 
Information  Centers  are  included. 

These  centers  offer  information 
services  and  expertise  in  areas  such 
as  fuels,  cold  regions,  concrete,  fish- 
eries, toxicology,  pesticides,  plastics, 
and  much  more. 

The  NAME,  ADDRESS,  PHONE 
NUMBER  OF  A  PERSONAL 
CONTACT  IS  LISTED  FOR  EACH 
RESOURCE! 


•  Computer      Technology       (15) 

•  Electrotechnology  (43)  •  Energy 
(77)  •  Engineering  (86)  •  En- 
vironmental Sciences  (67)  •  Man- 
ufacturing   (19)    •  Materials    (61) 

•  Medicine    (112)    •  Nuclear    (128) 

•  Ocean  Sciences  &  Technology 
(36)    •  Physical   Sciences    (110) 

•  Transportation  (14)    •  Plus  others 

Four  handy  indexes  make  it  easy  to 
locate  the  resource  you  need. 

1.  Subject  Term  Index 

Identifies  resources  in  your  technical 
interest  areas. 

2.  State  Index 

Find  all  the  resources  in  your  State. 

3.  Resource  Name  Index 

Look  up  any  resource  by  name  of 
laboratory  or  program. 

4.  Agency  Index 

Lists  resources  by  agency  and  State. 


All  listed  resources  offer  unique  capa- 
bilities (not  readily  duplicated  in  the 
private  sector)  to  encourage  greater 
use  of  Federal  technology. 

To  increase  your  awareness  of  hun- 
dreds of  Federal  Technology  Re- 
sources available  to  work  with  you 
on  your  projects,  order  your  DIREC- 
TORY now! 

ASK  FOR: 
PB88-100011/AAW 

DIRECTORY  OF  FEDERAL 

LABORATORY  AND 

TECHNOLOGY  RESOURCES 

CALL:   (703)  487-4650 


WRITE: 


Springfield,  VA  22161 


Help  is  available  in  32  technical 
areas  including: 

Aeronautics    (31)*  •  Agriculture    & 
Food    (120)    •  Biological   Sciences 

(68)    •  Building  Technology    (20) 

'number  of  summaries 


Enclose  check  to  NTIS  for  $36  plus  $3  for  shipping  and  handling  or 
Charge  to:  NTIS  Deposit  Account,  American  Express,  VISA,  or  MasterCard. 
Please  furnish  card  number,  expiration  date,  signature,  and  complete 
mailing  address. 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical   Information  Service 

Springfield,  VA  22161 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 
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Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 
Project  Officer  Jeffrey  E.  Haas 
(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02  — — ' 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN ' " 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 


Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


■Page  number 


Tech  Notes  Title  List  for 
October  1989 


Agriculture  &  Food 

081 9  Lowered  Cholesterol  in  Lab  Test 

0820  Agreements  Reached  on  OSI  Implementations 

0821  Genetic  Engineering  Improves  Ethanol  Yields 

0822  Automatic  Sprout  Grower — A  compact  unit  nurtures 
growing  seeds. 

Computers 

VAXONLINE  Software  System:  Modularity  and 
Flexibility 

Commercial  Expert-System-Building  Software 
Tools — Computer  programing  tools  are  described 
and  compared  according  to  their  knowledge- 
representation  approach,  inference  methods,  user 
interfaces,  functional  applicability,  and  other  criteria. 
(Licensing  Opportunity) 

Optical  Addressing  and  Clocking  of  RAM's — This 
approach  could  greatly  increase  computer  operating 
speed.  (Licensing  Opportunity) 

Optical  Firmware — Central-processor  instructions 
would  be  contained  in  a  holographic  optical  element. 
(Licensing  Opportunity) 


0823 


0824 


0825 


0826 


Software 

0827  Automated  Software  Metrics  Tool  for  CMS-2  Pro- 
grams 

0828  Calculating  Cumulative  Binomial-Distribution 
Probabilities — Reliabilities  and  availabilities  of  k-ou\- 
of-n  systems  can  be  analyzed. 

0829  Program  for  a  Pushbutton  Display — Light-emitting- 
diode  displays  on  pushbuttons  are  controlled 
interactively. 

0830  System-Reliability  Cumulative-Binomial  Program — 
This  program  finds  the  probability  required  to  yield  a 
given  system  reliability. 

Other  Items  of  Interest 

0909     Medical-lnformation-Management  System — Other 

alphabetical  and/or  numerical  data  (e.g.,  business  or 
judicial)  can  also  be  managed. 

Electrotechnology 

0831  Portable  Printed  Circuit  Board  Work  Center  Avail- 
able— To  ease  testing,  repairing,  and  replacing. 

0832  Increasing  and  Combining  Outputs  of  Semiconductor 
Lasers — Coherent  and  incoherent  schemes  are 
reviewed. 

0833  Eight-Bit-Slice  GaAs  General  Processor  Circuit- 
Features  include  speed  and  adaptability  to  a  variety 
of  digital  systems. 


0834  Fast  Asynchronous  Data  Communication  Via  Fiber 
Optics — A  transmitter  and  receiver  convert  between 
serial  and  parallel  transmission  and  recover  clock 
signals.  (Licensing  Opportunity) 

0835  Interface  for  Fault-Tolerant  Control  System — 
Developmental  equipment  is  used  in  research  on 
reliable  flight-control  systems.  (Licensing  Opportu- 
nity) 

0836  Making  Displaced  Holograms  at  Two  Wavelengths — 
Two  types  of  gradients  in  refraction  can  be  measured 
simultaneously.  (Licensing  Opportunity) 

0837  Metal  Film  Increases  CCD  Quantum  Efficiency — A 
CCD  structure  provides  the  means  of  obtaining  100 
percent  internal  quantum  efficiency  over  a  large 
spectral  range.  (Licensing  Opportunity) 

0838  Optically-Contolled  Microwave  Devices  and  Cir- 
cuits— Optical  control  increases  speed  and  reduced 
the  bulk  of  interconnections. 

0839  Output-Isolation  and  Protection  Circuit — This  circuit 
tolerates  large  common-mode  voltages  and  normal- 
mode  overvoltages  on  the  output  leads.  (Licensing 
Opportunity) 

0840  Photovoltaic-Driven  Multiple-Quantum-Well  Modula- 
tor— The  microstructure  and  composition  are  tailored 
for  sensitivity  to  the  modulating  signal.  (Licensing 
Opportunity) 

0841  Review  of  Fiber-Optic  Electric-Field  Sensors — 
Piezoactive  plastics  stress  glass  fibers,  causing 
phase  shifts. 

0842  Signal  Preprocessor  for  Laser-Fringe  Anemome- 
ters— Added  control  and  filtering  functions  enhance 
the  collection  of  data. 

0843  Strain-Layer-Superlattice  Light  Modulator — One  light 
beam  would  control  another.  (Licensing  Opportunity) 

0844  Synthetic  Estimation  Filters  for  Determination  of 
Position — The  position  and  orientation  of  a  target 
would  be  determined  by  optical  correlation. 

Testing  &  Instrumentation 

0845  Utilizing  Transverse  Electromagnetic  (TEM)  Cells 

0846  Detector  for  FM  Voice  or  Digital  Signals — A  simple 
switching  arrangement  enables  the  selection  of  one 
or  the  other.  (Licensing  Opportunity) 

0847  Spectrum-Modulating  Fiber-Optic  Sensors — 
Susceptibility  to  variations  in  transmissivity  is 
reduced. 

Other  Items  of  Interest 

0825  Optical  Addressing  and  Clocking  of  RAM's — This 
approach  could  greatly  increase  computer  operating 
speed.  (Licensing  Opportunity) 

0826  Optical  Firmware — Central-processor  instructions 
would  be  contained  in  a  holographic  optical  element. 
(Licensing  Opportunity) 
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Electrotechnology  (Cont.) 

0865     "Smart"  Electromechanical  Short  Absorber — Me- 
chanical response  is  adjustable  via  programmable 
forcing  functions. 

091 5     World's  Smallest  Prism 


Energy 

0848  Buildings  Research  Making  Solar  Homes  More 
Efficient 

0849  Inlet  Vane  Control  Saves  Dollars— Outlet  Dampers 
Pay  for  Themselves 

0850  Wave-Powered  Buoy  Generator  Being  Investigated 

0851  Phase-Change  Heat  Storage  Module — Momentary 
heating  or  cooling  overloads  could  be  accommo- 
dated. (Licensing  Opportunity) 

0852  Strong,  Low-Resistance  Bonds  for  AMTEC  Elec- 
trodes— The  heat  of  an  operating  cell  helps  form  the 
contacts.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0821     Genetic  Engineering  Improves  Ethanol  Yields 

0873     Concentrated  Solar  Energy  Detoxifies  Organic 
Pollutants 

0885     Sulfur-free  Selective  Pulping  Research 

0897     Roughening  Surfaces  of  Solar  Cells — Bombardment 
by  ions  prepares  silicon  for  a  roughening  etch. 

Engineering 

0853  Development  of  an  Inexpensive  CSE  SCSR  Simula- 
tor for  Use  in  Self-Contained  Self-Rescurer  Training 

0854  Improved  Ventilation  Techniques  Reduce  Auger 
Mining  Dust  Levels 

0855  Underboom  Sprays  Reduce  Quartz  Dust  on  Conti- 
nous  Mining  Machines 

0856  Water-Powered  Scrubber  for  Auger  Miner  Dust 
Control 

0857  Ceramic  Honeycomb  Panels— Chemical  vapor 
deposition  makes  a  structure  of  ceramic  on  a  fabric 
substrate.  (Licensing  Opportunity) 

0858  Damper  of  Small  Vibrations — A  compact  unit 
provides  viscous  damping  with  temperature  compen- 
sation. (Licensing  Opportunity) 

0859  Dynamic,  High-Temperature,  Flexible  Seal — Hot 
gases  are  confined  safely  even  when  engine  walls 
distort  under  loads.  (Licensing  Opportunity) 

0860  Integrated  Heat  Switch/Oxide  Sorption  Compres- 
sor— Features  include  vibration-free  operation  and 
long  life. 

0861  Hatch  Cover  Slides  Through  Hatch — Internal 
pressure  aids  sealing  in  a  simple  cover.  (Licensing 
Opportunity) 


0862  Inflatable-Seal  Assembly  for  Cryogenic  Fluids — A 
plastic  ring  provides  a  tight  seal  while  minimizing  heat 
transfer.  (Licensing  Opportunity) 

0863  Magnetic  Coupling  Delivers  Increased  Torque — Flux 
pins  decreases  the  reluctance  to  boost  the  torque 
when  the  gap  is  large.  (Licensing  Opportunity) 

0864  Sensing  the  Position  of  a  Piston  in  a  Cylinder — A 
moving  piston  covers  and  uncovers  pressure  taps. 

0865  'Smart'  Electromechanical  Short  Absorber — Mechani- 
cal response  is  adjustable  via  programmable  forcing 
functions. 

0866  Theory  of  Ball-Bearing  Vibrations — Amplitudes  of 
harmonics  are  related  to  differences  among  diame- 
ters. 

0867  Thermally  Stable  Truss — A  lightweight  structure 
expands  and  contracts  minimally  with  changes  in 
temperature. 

0868  Trash-Disposal  Module  for  Space  Station — An 
expandable  container  conserves  weight  and  volume. 

Testing  &  Instrumentation 

0869  Pneumatic  Monitoring  Systems 

0870  Placement  of  Exciters  and  Sensors  to  Measure 
Vibrations — Nearly  optimal  positions  are  found  by  a 
simplified  method. 

Software 

0871  Building  Mathematical  Models  of  Solid  Objects — 
Models  are  assemblies  of  primitive  parts. 

0872  Calculating  Buckling  and  Vibrations  of  Lattice 
Structures — Exact  member  theory  accounts  for 
distributed  masses  and  axial  forces. 

Other  Items  of  Interest 

0849     Inlet  Vane  Control  Saves  Dollars — Outlet  Dampers 
Pay  for  Themselves 

0851      Phase-Change  Heat  Storage  Module — Momentary 
heating  or  cooling  overloads  could  be  accommo- 
dated. (Licensing  Opportunity) 

0887     Computing  Viscoplastic  Behavior  of  a  Material — 
Robinson's  model  of  viscoplasticity  is  implemented 
via  a  finite-element  computer  program. 

0903     Human  Factors  in  Mining  Computerized  Database 

0923     Coolant-Control  Valves  for  Fluid-Sampling  Probes — 
Small  built-in  leaks  prevent  overheating. 

0927  Application  of  Artificial  Intelligence  to  Wind  Tunnels — 
Goals  include  data  of  better  quality,  increased 
productivity,  and  retention  of  expertise. 

0928  Efficient  Computation  of  Behavior  of  Aircraft  Tires- 
Simplified  mathematical  models  approximate 
unsymmetrical  responses  to  loads  and  environments. 


♦ 
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Environmental  Science  &  Technology 

0873  Concentrated  Solar  Energy  Detoxifies  Organic 
Pollutants 

Other  Items  of  Interest 

0885     Sulfur-free  Selective  Pulping  Research 
0912     Meteorological  Processor  for  Regulatory  Models 
(MPRM-1.1)-  User's  Guide 

Manufacturing,  Machinery  &  Tools 

0874  Computer  Simulation  of  Defects  During  Metalworking 
Processes 

0875  GATT  Standards  Code  Activities  Reported 

0876  Apparatus  Impregnates  Weak  Fibers — A  metering 
die  forces  even  highly  viscous  resins  and  slurries 
onto  weak  fibers.  (Licensing  Opportunity) 

0877  Applying  Elastomeric  Insulation  Inside  a  Round 
Case — Elastomer  is  would  onto  the  inside  surface  in 
a  continuous  strip. 

0878  Ceramic  Bearings  for  Gas-Turbine  Engines — 
Materials  and  methods  of  design  have  improved  over 
the  years. 

0879  Improved  Vacuum-Tight  Connector — A  simple 
reinforcing  tube  increases  service  life  and  improves 
the  seal. 

0880  Programmable  Positioner  for  Spot  Welding — Welds 
are  spaced  and  performed  in  sequence  automati- 
cally. 

0881  Simplified  Linear  Multivariate  Control  of  Robots — 
Trajectories  of  robot  joints  would  converge  quickly  to 
reference  trajectories.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0857     Ceramic  Honeycomb  Panels — Chemical  vapor 

deposition  makes  a  structure  of  ceramic  on  a  fabric 

substrate.  (Licensing  Opportunity) 

0866     Theory  of  Ball-Bearing  Vibrations — Amplitudes  of 
harmonics  are  related  to  differences  among  diame- 
ters. 

Materials 

0882  Ablative  Antifouling  Paints  Provide  Good  Service 

0883  Prototype  System  Developed  on  Structural  Ceramics 

0884  Premium  Quality  Aluminum  Castings 

0885  Sulfur-free  Selective  Pulping  Research 

0386     Thermal  Properties  of  Wood  and  Wood  Panel 
Products  For  Use  In  Buildings 

0887     Computing  Viscoplastic  Behavior  of  a  Material — 
Robinson's  model  of  viscoplasticity  is  implemented 
via  a  finite-element  computer  program. 

0883     Design  and  Fabrication  of  Superconductors — 
Progress  through  1982  is  reviewed. 


0889  Differential  Curing  in  Fiber/Resin  Laminates — A 
modified  layup  schedule  should  counteract  the 
tendency  toward  delamination.  (Licensing  Opportu- 
nity) 

0890  Diphenylpolyynes  for  Nonlinear  Optical  Devices — 
Donor/acceptor  molecules  have  second-order 
nonlinear  electric  susceptibilities.  (Licensing  Opportu- 
nity) 

0891  Effects  of  Twist  on  Ceramic  Threads — Twist  some- 
times does  and  sometimes  does  not  increase 
strength.  (Licensing  Opportunity) 

0892  Graphite  Flouride  Fiber  Composites  for  Heat 
Sinking — These  electrically  insulating  materials  are 
unusually  thermally  conductive.  (Licensing  Opportu- 
nity) 

0893  Growing  Gallium  Arsenide  on  Silicon — Epitaxial 
layers  of  high  quality  are  formed  on  the  <1 1 1>  crystal 
plane. 

0894  Improving  Silicon  Carbide/Silicon  Nitride  Fibers- 
Strengths  might  be  increased  through  modifications 
in  the  monomeric  precursors. 

0895  Laser-Assisted  Growth  of  AIGaAs  Films — An  excimer 
laser  enhances  growth  by  organometallic  chemical- 
vapor  deposition. 

0896  Laser/Plasma/Chemical-Vapor  Deposition  of 
Diamond — The  deposition  of  graphite  would  be 
suppressed. 

0897  Roughening  Surfaces  of  Solar  Cells — Bombardment 
by  ions  prepares  silicon  for  a  roughening  etch. 

0898  Study  of  Phase  Separation  in  Glass — The  effect  of 
the  hydroxide  content  is  examined. 

0899  Shatter-Resistant,  Flame-Resistant  Window — Clear 
plastic  and  mineral  sheets  are  joined. 

0900  Surface  Halogenation  of  High-Temperature  Super- 
conductors— Nonaqueous  chemical  etching  and 
passivation  yield  improved  surfaces. 

Testing  &  Instrumentation 

0901  Portable  Pull  Tester — Control  by  a  computer  ensures 
field  measurements  as  good  as  those  in  a  laboratory. 

0902  Testing  Bonds  Between  Brittle  and  Ductile  Films — 
Simple  measurements  are  interpreted  through  a 
simple  theory. 

Other  Items  of  Interest 

0874     Computer  Simulation  of  Defects  During  Metalworking 
Processes 

0876  Apparatus  Impregnates  Weak  Fibers — A  metering 
die  forces  even  highly  viscous  resins  and  slurries 
onto  weak  fibers.  (Licensing  Opportunity) 

0877  Applying  Elastomeric  Insulation  Inside  a  Round 
Case — Elastomer  is  would  onto  the  inside  surface  in 
a  continuous  strip. 
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Medicine  &  Biology 

0903  Human  Factors  in  Mining  Computerized  Database 

0904  National  Disease  Research  Interchange 

0905  New  Findings  Released  on  Lineage  of  Eight-Cell  Sea 
Urchin  Embryo  Blastomeres 

0906  National  Disease  Research  Interchange 

0907  Primate  Information  Center 

0908  Yeast  Genetic  Stock  Center 

Software 

0909  Medical-lnformation-Management  System — Other 
alphabetical  and/or  numerical  data  (e.g.,  business  or 
judicial)  can  also  be  managed. 

Testing  &  Instrumentation 

0910  Chemical  Structure  of  DNA  Damage  Uncovered 

Other  Items  of  Interest 

0914     Gas  Kinetics  Database  Available  for  PCs 

Natural  Resources  Technology  & 
Engineering 

0911  Sunspot  Numbers:  1610-1985 

Software 

0912  Meteorological  Processor  for  Regulatory  Models 
(MPRM-1.1)-  User's  Guide 

Physical  Sciences 

0913  Saturn  Imploding  Plasma  Creates  World-Record  X- 
Ray  Yield 

0914  Gas  Kinetics  Database  Available  for  PCs 

0915  World's  Smallest  Prism 

0916  Carbon  Sorption  Cryogenic  Regenerator — Lower 
temperature  and  longer  life  are  expected.  (Licensing 
Opportunity) 

091 7  Joule-Thomson  Expander  Without  Check  Valves — 
Cooling  is  effected  by  a  bidirectional,  reciprocating 
flow  of  gas. 

0918  Oxidation  of  Reflectors  Through  Pinholes  in  Coat- 
ings—Impacts of  particles  create  paths  for  corrosion 
by  monatomic  oxygen. 

091 9  Path-Following  Solutions  of  Nonlinear  Equations — 
Path-following  methods  have  advantages  over 
parametric  differentiation. 

0920  Phase  Separators  and  Fountain-Effect  Pumps  for  He 
II — Fuse-glass  microchannel  arrays  for  use  as  HE  II 
phase  separators  and  fountain-effect  pumps. 
(Licensing  Opportunity) 


0921  Stable  1 .25-W  CW  Methanol  Laser— Thermally 
stable  design  keeps  the  rate  of  drift  of  frequency 
within  +100  kHz  per  hour. 

Testing  &  Instrumentation 

0922  Calibration-Tube  Dewar — Melting  ice  keeps  the 
temperature  near  0°  for  about  one  day.  (Licensing 
Opportunity) 

0923  Coolant-Control  Valves  for  Fluid-Sampling  Probes — 
Small  built-in  leaks  prevent  overheating. 

0924  Noiseless  Coding  of  Magnetometer  Signals — 
Adaptive  coding  can  compress  data  by  factors 
ranging  from  2  to  6. 

0925  Plasma/Neutral-Beam  Etching  Apparatus — The 
energies  of  neutral  particles  are  controllable. 
(Licensing  Opportunity) 

Other  Items  of  Interest 

0888  Design  and  Fabrication  of  Superconductors — 
Progress  through  1982  is  reviewed. 

0890     Diphenylpolyynes  for  Nonlinear  Optical  Devices — 
Donor/acceptor  molecules  have  second-order 
nonlinear  electric  susceptibilities.  (Licensing  Opportu- 
nity) 

0896     Laser/Plasma/Chemical-Vapor  Deposition  of 

Diamond — The  deposition  of  graphite  would  be 
suppressed. 

0900     Surface  Halogenation  of  High-Temperature  Super- 
conductors— Nonaqueous  chemical  etching  and 
passivation  yield  improved  surfaces. 

0910     Chemical  Structure  of  DNA  Damage  Uncovered 

Transportation  &  Components 

0926  Algorithm  for  Solution  of  Navier-Stokes  Equations — 
Advantages  of  two  previous  algorithms  are  com- 
bined. 

0927  Application  of  Artificial  Intelligence  to  Wind  Tunnels — 
Goals  include  data  of  better  quality,  increased 
productivity,  and  retention  of  expertise. 

0928  Efficient  Computation  of  Behavior  of  Aircraft  Tires — 
Simplified  mathematical  models  approximate 
unsymmetrical  responses  to  loads  and  environments. 

0929  Liquid  Angular-Momentum  Compensator — Flow  in  a 
loop  supplants  the  rotation  of  a  heavy,  rigid  wheel. 
(Licensing  Opportunity) 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Lowered  Cholesterol  in  Lab  Test 


Rice  bran  might  be  a  powerful  cholesterol 
fighter,  if  results  of  a  study  with  choles- 
terol-fed hamsters  prove  true  for  humans. 

Results  from  two  laboratory  experi- 
ments with  these  animals  suggest  that  rice 
bran  compares  favorably  with  oat  bran  in 
lowering  blood  cholesterol  levels. 

Bran  is  the  external  brown  layer  that's 
scrubbed  off  in  milling,  leaving  the 
familiar  white  grains.  Right  now,  bran  is 
available  in  brown  rice,  flatbread-style 
rice  cakes,  various  snack  foods,  and  a  top- 
ping made  of  light,  sweet-tasting  bran 
flakes. 

Scientists  Talwinder  S.  Kahlon,  Faye  I. 
Chow,  Mei-Chen  M.  Chiu,  and  Antoinette 
A.  Betschart  in  ARS'  Food  Quality  unit, 
Albany,  California,  conducted  the  re- 
search. 

Kahlon  said  that  young  hamsters  fed 
rice  bran,  plus  a  high  dose  of  pure  choles- 
terol, with  their  standard  feed  had  choles- 
terol levels  similar  to  counterparts  who 
ate  the  same  basic  feed  plus  cholesterol 


Stabilized  rice  bran  is  used  in  multigrain 
breads,  granola  cereals,  and  several  health 
and  natural  foods.   Photo  courtesy  of 
Riviana  Poods,  Inc. 


and  oat  bran. 

Although  we  need  cholesterol  to  keep 
cell  walls  healthy  and  to  perform  other 
important  jobs  in  our  bodies,  Americans 
who  get  too  much  of  it  risk  heart  disease. 

Further  ARS  studies  with  hamsters 
and  a  university  study  with  human 
volunteers  are  planned.  Those  experi- 
ments may  answer  key  questions:  Does 
rice  bran  have  the  same  cholesterol- 
related  effects  in  humans  as  it  did  in  the 
cholesterol-fed  hamsters?    If  so,  how 
much  bran  would  someone  have  to  eat 
every  day  to  see  these  effects?  How  is 
the  ratio  of  "good"  (HDL)  to  "bad" 
(LDL)  cholesterol  affected  and  which 
component  of  the  bran  is  responsible  for 
these  effects? 

In  the  United  States,  rice  bran  has 
been  used  primarily  as  an  ingredient  in 
animal  feed.  However,  work  by  Robin 
M.  Saunders,  Robert  N.  Sayre,  and  other 
members  of  the  Food  Quality  team  led  to 
new  interest  in  bran  as  a  high  fiber 
ingredient  in  foods  for  humans. 

The  team  developed  a  simple  process 
for  stopping  the  natural  deterioration  of 
bran's  oil  into  inedible  byproducts — a 
type  of  rancidity. 

Basically,  bran  that  has  been  taken  off 
the  rice  kernels  is  run  through  an  ex- 
truder— a  standard  piece  of  food-process- 
ing equipment.  Heat  created  in  the 
extruder  destroys  powerful  enzymes  that 
would  otherwise  start  oil's  deterioration. 
Stabilized  rice  bran  that  results  can  be 
used  "as  is,"  or  the  oil  can  be  taken  out, 
leaving  fat-free  rice  bran. 

This  stabilization  process  is  expected 
to  prove  a  boon  to  Third  World  countries 
where  rice  is  a  staple:  The  technique 
makes  it  practical  and  economical  to 
extract  rice  oil  for  refining  into  salad  or 
cooking  oil. 

All  scientists  mentioned  in  this  article 
are  at  the  USD  A- ARS  Western  Regional 
Research  Center,  800  Buchanan  St., 
Albany,  CA  94710  (415)559-5600.  ♦ 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Agreements  Reached  on  OSI  Implementations 


The  second  version  of  stable  implementation  specifications  for  OSI  (Open  Systems  Interconnection) 
protocols  has  been  agreed  to  and  is  now  available.  These  agreements  are  based  on  recognized 
international  OSI  standards  and  were  reached  by  vendors  and  users  participating  in  the  NIST 
Workshop  for  Implementors  of  OSI.   They  support  the  second  version  of  the  Federal  Information 
Processing  Standard  for  GOSIP  (Government  Open  Systems  Interconnection  Profile),  which  is 
expected  to  be  proposed  later  this  year.  The  agreements  are  considered  advanced  enough  for  use  in 
product  and  test  suite  development. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  Va 
22161;      (703)487-4600. 

NTIS  order  number:     PB89-193312/NAC 

Price  code:  A22 
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Technology  Application 


Solar  Energy  Research  Institute 


Genetic  Engineering  Improves  Ethanol  Yields 


Through  genetic  engineering,  SERI 
researchers  are  lowering  the  cost  of  pro- 
ducing fuel  ethanol  from  cellulosic  bio- 
mass  feedstocks  such  as  wheat  straw 
and  wood  chips 

The  key  is  in  the  production  of  xylose 
isomerase,  a  bacterial  enzyme  that  in- 
creases the  efficiency  with  which  xylose, 
a  five-carbon  sugar,  is  fermented  to 
ethanol.  Xylose  accounts  for  30%  to 
50%  of  the  fermentable  sugar  in  these 
feedstocks. 

Using  a  genetic  engineering  technique 
that  allows  for  the  overproduction  of  en- 
zymes, researchers  in  SERI's  Biotech- 
nology Research  Branch 
have  achieved  cost-effective 
production  of  xylose 
isomerase. 

This  enzyme  converts 
xylose  to  another  sugar, 
xylulose,  which  can  be  more 
easily  and  efficiently  fer- 
mented by  yeast.  By  simul- 
taneous fermentation  and 
isomerization  of  xylose 
(SFIX),  yeast  cells  continu- 
ously convert  the  xylulose 
formed  into  ethanol,  using  all 
the  available  xylose  and  in- 
creasing the  rates  and  yields 
of  ethanol  production. 

SERI  researchers  developed 

In  SERI's  genetic  engineering  lab. 
a  researcher  uses  ultraviolet  light 
to  view  the  movement  of  frag- 
ments of  DNA  bands  undergoing 
electrophoresis  Smaller  fragments 
appear  further  down  the  plate 
(top)  in  the  inset  photo 

the  process  of  overproduction  of  the  en- 
zyme xylose  isomerase  through  genetic 
engineering.  The  gene  responsible  for 
production  of  the  enzyme  in  the  bac- 
terium Escherichia  coli  was  altered  by 
adding  a  promoter  gene,  a  segment  of 
DNA  that  makes  the  original  gene  pro- 
duce xylose  isomerase  at  higher  than 
normal  rates.  To  allow  reseachers  to  con- 


trol the  timing  of  the  overproduction,  a 
repressor  gene  was  also  added.  The 
repressor  makes  the  production  of  the 
enzyme  temperature-dependent. 

Controlling  the  timing  of  enzyme  pro- 
duction allows  researchers  to  fine  tune 
the  process  by  growing  the  E.  coli  cells 
and  producing  the  enzyme  in  separate 
steps.  The  cells  are  first  grown  to  high 
density  at  32°C,  the  optimum  temper- 
ature for  growth.  The  temperature  is 
then  raised  to  42°C,  which  induces  the 
enzyme  production.  This  results  in  an 
enzyme  concentration  equal  to  about 


20%  of  the  total  protein  in  the  cells  after 
two  hours  of  induction,  roughly  10  to  20 
times  the  level  normally  produced  by  £. 
coli.  SERI  scientists  believe  these  results 
can  reduce  the  cost  of  ethanol  produc- 
tion from  $1.80/gal.  to  $1.35/gal. 

Contact:  Dr.  Stan  Lastick 
(303)  231-7279 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Automatic  Sprout  Grower 

A  compact  unit  nurtures  growing  seeds. 


A  self-contained  seed-sprouting  sys- 
tem provides  an  environment  for  sprouting 
seeds  quickly  and  easily  Developed  as  a 
source  of  fresh  vegetaPle  material  on  short 
Space  Shuttle  flights,  the  kit  offers  advan- 
tages to  home  gardeners  too.  Apartment 
dwellers  could  use  it  for  steady  production 
of  homegrown  sprouts  even  though  they 
have  no  garden  space. 

The  system  gives  seeds  all  they  need  to 
sprout:  water,  good  drainage,  and  plenty  of 
air.  Light,  soil,  and  the  containers  for  cul- 
tivating whole  plants  are  unnecessary. 

Seeds  of  various  vegetables  and  field 
crops  can  be  stored  dry  indefinitely,  then 
placed  in  the  system  when  needed.  The 
seeds  quickly  grow  five  to  seven  times  in 
weight  and  turn  into  what  are  essentially 
green  vegetables.  The  vitamin  contents  in- 
crease dramatically,  as  do  fiber  contents. 
Fat  and  carbohydrate  contents  drop,  while 
little  protein  is  lost.  Many  of  the  inhibitors 
and  toxicants  of  raw  seeds  are  eliminated 
or  reduced  significantly. 

The  sprouting  container  is  the  standard 
6-oz  (0.1 8-L)  package  for  dehydrated  food 
and  drink  mixes  in  the  Space  Shuttle. 
About  4  g  of  dry  alfalfa  or  radish  seeds  are 
vacuum-sealed  in  each  cup,  like  freeze- 
dried  foods.  Sixteen  cups  are  suspended  in 
a  tray  (see  figure).  An  air-and-water  inlet 
tube  links  each  cup  to  a  system  of  tubes 
and  solenoid  valves  that  alternately  furnish 
air  and  water  and  remove  stale  air.  A 
peristaltic  pump  supplies  water  from  a 
vinyl  medical-fluid  bag.  A  small  diaphragm 
pump  supplies  and  exhausts  air.  A  small 
circuit  board  times  the  movements  of  the 
air  and  water. 

The  proper  growth  of  sprouts,  both  on 
Earth  and  in  the  microgravity  of  outer 
space,  depends  on  adequate  aeration  and 
just  the  right  amount  of  water.  In  micro- 
gravity,  the  effect  of  excess  water  is  magni- 
fied in  that  water  clings  to  the  germinating 
seeds  through  surface  tension,  impeding 
movement  of  oxygen  to  the  seeds.  To  pre- 
vent the  sprouts  from  drowning  in  this  way, 
the  system  adds  water  at  frequent  inter- 
vals, providing  only  the  moisture  needed 
for  immediate  uptake  and  for  the  expan- 
sion of  the  sprouts  during  each  interval. 
The  kit  also  periodically  deflates  and  rein- 


flates  the  sealed  cups  to  remove  gaseous 
metabolic  products  and  to  supply  fresh  ox- 
ygen. 

This  work  was  done  by  Richard  L  Sauer 
of  Johnson  Space  Center  and  H.  W. 


Scheld  and  J.  W.  Magnuson  of  Phyto- 
Resource  Research,  Inc.  MSC-21266/TN 


Waterbag 


Transparent 
Plastic  Cap 


Air-and-Water 
Tube 


Sprouts 
Under  Cap 


Sprouts  Grow  In  Cups  in  a  tray.  Growth  proceeds  at  room  temperature  with  ordinary  room  air. 
The  photograph  shows  details  of  the  growth  cup  and  newly  sprouted  seeds. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Computers 


0823  VAXONLINE  Software  System:  Modularity  and  Flexibility 

0824  Commercial  Expert-System-Building  Software  Tools — Computer 
programing  tools  are  described  and  compared  according  to  their 
knowledge-representation  approach,  inference  methods,  user 
interfaces,  functional  applicability,  and  other  criteria.  (Licensing 
Opportunity) 

0825  Optical  Addressing  and  Clocking  of  RAM's— This  approach  could  greatly 
increase  computer  operating  speed.  (Licensing  Opportunity) 

0826  Optical  Firmware — Central-processor  instructions  would  be  contained  in 
a  holographic  optical  element.  (Licensing  Opportunity) 


Software 

0827  Automated  Software  Metrics  Tool  for  CMS-2  Programs 

0828  Calculating  Cumulative  Binomial-Distribution  Probabilities — Reliabilities 
and  availabilities  of  /c-out-of-n  systems  can  be  analyzed. 

0829  Program  for  a  Pushbutton  Display — Light-emitting-diode  displays  on 
pushbuttons  are  controlled  interactively. 

0830  System-Reliability  Cumulative-Binomial  Program — This  program  finds 
the  probability  required  to  yield  a  given  system  reliability. 

Other  Items  of  Interest 

0909     Medical-lnformation-Management  System— Other  alphabetical  and/or 
numerical  data  (e.g.,  business  or  judicial)  can  also  be  managed. 


Technology  Application 


Fermi  National  Accelerator  Laboratory 

The  VAXONLINE  Software  System:  Modularity  and 
Flexibility 


Since  1984,  the  Data  Acquisition  Software  Group  at  Fermilab  has  been  developing  an  event-driven, 
general-purpose  data  acquisition  and  analysis  VAXONLINE  software  system  designed  to  run  on  VAX 
and  MicroVAX  computers.  The  goal  was  to  provide  a  general  purpose  data  acquisition  program 
within  the  VAXOLINE  framework  which  satisfied  the  data  acquisition  needs  of  the  vast  majority  of 
Fermilab  experiments. 

VAXONLINE  software  has  now  been  adopted  by  12  Fermilab  experiments,  allowing  them  to  collect 
and  combine  data  from  more  than  one  source,  via  a  list-driven  Event  Builder  program.   VAXONLINE 
configurations  at  Fermilab  range  from  a  single  VAX  or  MicroVAX  to  a  linked  set  of  four  PDP-11s, 
two  Micro  VAXes,  and  a  VAX  11-780.    Data  from  CAMAC,  FAST-BUS,  front-end  PDP-11s,  disk, 
tape,  DECnet,  or  other  processors  may  be  acquired  either  directly  into  a  VAX  or  MicroVAX,  or  from 
some  other  data  acquisition  sub-system. 

VAXONLINE  is  projected  to  be  applicable  in  upscale  replacements  similar  to  MULTI,  where  a  VAX  is 
replacing  a  PDP-11. 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500  MS  208,  Batavia,  IL  60510;  (312)840-3333.  Refer  to 
FAA-464/TN. 
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Commercial  Expert-System- 
Building  Software  Tools 

Computer  programing  tools 
are  described  and  compared 
according  to  their  knowledge- 
representation  approach, 
inference  methods,  user  inter- 
faces, functional  applicability, 
and  other  criteria. 

A  report  evaluates  commercially-avail- 
able expert-system-building  tools  in  terms 
of  their  structures,  representations  of 
knowledge,  inference  mechanisms,  inter- 
faces with  developers  and  end  users,  and 
capabilities  of  performing  such  functions 
as  diagnosis  and  design.  These  software 
tools  are  the  commercialized  derivatives  of 
artificial-intelligence  systems  developed  by 
researchers  at  universities  and  research 
organizations.  Reportedly,  they  reduce  the 
time  to  develop  an  expert  system  by  an 
order  of  magnitude  compared  to  that  re- 
quired with  such  traditional  artificial  devel- 
opment languages  as  LISP. 

The  core  of  an  expert  system  consists  of 
a  knowledge  base  and  an  inference  engine 
that  operates  on  the  knowledge  base  to  de- 
velop a  solution  or  response.  In  addition, 
the  system  needs  an  interface  to  the  end 
user  or  to  an  array  of  sensors  and  effectors 
to  communicate  with  the  outside  world.  A 
tool  to  develop  an  expert  system  must  also 


include  a  developer  interface  so  that  the 
requisite  knowledge  base  can  be  devel- 
oped, the  end-user  interface  can  be  built, 
and  special  instructions  can  be  given  to  the 
inference  engine.  Other  important  tool  at- 
tributes include  the  computers  on  which 
they  will  run  and  their  interfaces  with  other 
software  and  data  bases. 

A  table  lists  20  such  tools,  rating  their  at- 
tributes as  strong,  fair,  programmable  by 
the  user,  or  having  no  capability  in  the  vari- 
ous criteria.  The  following  tools  are  rated: 
ART,  KEE,  Knowledge  Craft,  S.1,  PICON, 
ENVISAGE,  ES  ENVIRONMENT/VM,  PER- 
SONAL CONSULTANT  +  ,  KES,  NEXPERT, 
EXSYS  3.0,  INSIGHT  2+ ,  M.1,  RULEMAS- 
TER3.0,  KDS.TIMM,  ES/P,  EXPERT  EDGE, 
1  st  Class,  and  0PS5.  The  report  also  briefly 
describes  each  of  the  tools,  pointing  out 
their  distinctive  features. 

This  work  was  done  by  William  B. 
Gevarter  of  Ames  Research  Center.  Fur- 


ther information  may  he  found  in  NASA 
TM-88331  [N87-28281/NSP],  Price 
Code:  A03  and  Evaluation  of  Commer- 
cial Expert  System  Building  Tools:  Revi- 
sion 1." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center.  Refer  to 
ARC-211757/TN. 

Ames  Research  Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)  694-5104 


♦ 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Optical  Addressing  and  Clocking  of  RAM's 

This  approach  could  greatly  increase  computer  operating  speed. 


A  proposed  random-access-memory 
(RAM)  addressing  system,  in  which  the 
memory  is  linked  optically  to  the  read/write 
logic  circuits,  would  greatly  increase  com- 
puter operating  speed.  The  system  — 
which  comprises  addressing  circuits  that 
include  numerous  lasers  as  signal  sourc- 
es, numerous  optical  gates  that  include  op- 
tical detectors  associated  with  the  memo- 
ry cells,  and  a  holographic  element  to 
direct  the  light  signals  to  the  desired  mem- 
ory-cell locations  —  could  be  applied  to 
high-capacity  digital  systems,  supercom- 
puters, and  complex  microcircuits. 

A  RAM  is  conventionally  read  or  written 
via  metal  or  polysilicon  conductive  strips 
connected  from  the  edges  of  the  memory 
chip  to  the  multitude  of  memory  cells,  which 
are  arranged  in  rows.  Similar  conductive 
strips  are  used  to  distribute  the  clock 
signals  required  by  each  cell  to  enable  it 
both  to  retain  and  to  pass  on  information.  In 
a  large  RAM,  the  highly  resistive  and  ca- 
pacitative  loads  of  the  conductive  strips 
cause  a  large  portion  of  the  transmission 
delays  associated  with  the  address  and 
data  lines  that  perform  cell  selection.  In  ad- 
dition, the  requirement  of  the  mutual  elec- 
trical isolation  of  all  these  conductive  paths 
where  they  cross  introduces  severe  geo- 
metric constraints  on  circuit  designs. 

To  overcome  these  disadvantages,  it  is 
proposed  to  address  the  RAM  and  distri- 
bute clock  signals  by  light  signals  trans- 
mitted through  space  outside  the  plane  of 
the  memory  chip  (see  figure),  thus  reduc: 
ing  geometric  constraints  and  increasing 
operating  speed.  The  read/write  logic  is  sep- 
arated from  the  RAM  proper,  and  individual 
diode  laser  sources  are  driven,  each  with 
one  of  the  required  access  signals,  thereby 
producing  optical  read/write  signals.  These 
light  signals  are  directed  to  the  required 
locations  on  the  RAM  by  a  holographic  op- 
tical element.  Special  gate  circuits,  called 
optical  input  gates,  each  consisting  of  an 
optical  detector  (e.g.,  a  photodiode)  and  an 
inverter,  are  used  to  transform  the  light 
signals  to  electronic-logic-level  electrical 
signals  usable  by  the  RAM  cells. 

The  holographic  optical  element  (an  ex- 
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BROADCASTING  OF  CLOCK  SIGNALS  AND  SEGMENTATION 
OF  MEMORY  ROWS 

Addressing  and  Clock  Signals  from  laser-diode  light  sources  are  transmitted  optically  to  op- 
tical gates  at  selected  locations  on  the  memory  chip. 
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isting  device)  functions  somewhat  in  the 
manner  of  a  focusing  lens  or  mirror  by  in- 
tercepting the  light  signals  directed  away 
from  the  plane  of  the  memory  and  refocus- 
ing  the  light  at  the  required  points.  How- 
ever, unlike  a  conventional  lens  or  mirror, 
the  holographic  optical  element  can  image 
one  light  source  onto  several  detectors  si- 
multaneously. For  example,  a  holographic 
optical  element  with  a  fan-out  of  four  can 
be  used  in  conjunction  with  four  optical 
gates  along  each  row  of  memory  cells  to 
divide  the  polysilicon  line  into  shorter  seg- 
ments, thereby  reducing  signal-propaga- 
tion delays  along  the  line  by  a  factor  of  4.  If 
each  segment  of  the  line  is  driven  from  the 
center,  an  additional  reduction  of  delay  by 
a  factor  of  2  will  be  obtained.  Higher  fan-out 


ratios  will  permit  the  overall  RAM  access 
speed  to  approach  the  memory-cell  speed 
asymptotically. 

This  approach  is  ideally  suited  to  broad- 
casting clock  signals.  Because  the  same 
clock  signal  is  typically  used  for  all  cells, 
optical  broadcast  clock  distribution  is  an 
efficient  method  of  providing  timing  for  the 
chip.  Using  current  silicon  very-large-scale 
integration,  a  single  laser  source  could 
broadcast  a  clock  signal  via  an  hologra- 
phic optical  element  to  a  two-dimensional 
array  of  silicon  detectors,  each  placed  at  a 
memory  cell. 

This  work  was  done  by  Alan  R. 
Johnston,  Robert  H.  Nixon,  Larry  A. 
Bergman  of  Caltech  and  Sadik  Esener  of 
the  University  of  California  for  NASA's  Jet 
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Optical  Firmware 

Central-processor  instructions  would  be  contained  in  a  holographic  optical  element. 


A  conceptual  data-processing  system 
would  exploit  the  high  speeds  inherent  in 
optical  elements.  The  sets  of  instructions 
for  the  central  processor  of  the  system 
would  reside  in  a  holographic  optical  ele- 
ment physically  separated  from  the  arith- 
metic and  logic  unit.  Light  signals  embody- 
ing the  instructions  would  be  transmitted 
through  the  volume  above  the  processor 
plane  (see  figure),  thereby  overcoming  the 
constraints  that  are  typically  imposed  on 
designs  by  planar  computer-chip  layouts. 

Attempts  to  increase  computing  speed 
have  motivated  the  recent  efforts  to  build 
reduced-instruction-set  computers,  which 
are  compact  and  fast  but  which  can  be  built 
to  perform  only  limited  sets  of  operations. 
The  new  computer  concept  extends  the  re- 
duced-instruction-set concept.  Several  re- 
duced-instruction-set patterns  would  be 
overlaid  on  a  common  very-large-scale-in- 
tegration substrate  containing  the  arith- 
metic and  logic  unit.  Each  pattern  could 
contain  the  instructions  for  a  different  oper- 
ation; for  example,  a  Boolean  operation, 
convolution,  or  a  control  function.  To  acti- 
vate a  particular  subset  of  instructions,  a 
specified  subset  of  laser  diodes  would  be 
turned  on;  the  light  from  the  diodes  would 
be  reflected  by  the  holographic  optical  ele- 
ment onto  a  corresponding  subset  of  pho- 
todiodes  in  the  arithmetic  and  logic  unit. 

Fixed  instruction  sets  would  be  con- 
tained in  a  permanent  hologram.  If  the  ho- 
logram is  electrically  programmable,  the 
instruction  set  could  be  changed  —  possi- 
bly as  fast  as  the  system  clock  rate.  For  the 
highest  speed  and  the  largest  instruction 
size,  an  optically  programmable  hologra- 
phic element  might  be  developed  using 
light-valve  technology. 

It  might  be  possible  to  modulate  the 
hologram  with  an  input  image;  for  exam- 
ple, using  changing  images  of  a  speaker's 
lips  to  produce  different  sounds  or  using 
images  of  text  to  generate  control  func- 
tions. With  the  potential  ability  to  repro- 
gram  itself  in  real  time,  the  conceptual  sys- 
tem would  be  particularly  applicable  to 
task-driven  programming  or  artificial  intelli- 
gence. 
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Instruction  Sets  for  Different  Computer  Operations  reside  on  different  external  memory 
chips.  Laser  diodes  activated  for  each  operation  generate  light,  which  is  reflected  by  the  hol- 
ographic optical  element  to  designated  receptors  in  the  arithmetic  and  logic  unit.  The  pat- 
tern of  light  beams  embodies  the  instruction  set  at  a  given  instant. 


The  concept  might  be  applied  to  a  data- 
security  system  in  which  an  integrated  cir- 
cuit would  serve  as  a  lock  and  a  holograph- 
ic optical  element  as  the  key.  A  fingerprint 
might  be  mapped  onto  the  holographic  ele- 
ment to  configure  the  system  to  a  specified 
digital  state  or  polynomial  representing  the 
"locked"  or  "unlocked"  condition.  For  re- 
peated calculations  in  intensive  numerical 
analysis,  the  instructions  for  such  frequent- 
ly used  transcendental  functions  as  the 
trigonometric  and  error  functions  could  re- 
side on  external  memory  chips  and  be 
used  to  activate  sets  of  laser  diodes. 

This  work  was  done  by  Larry  A. 
Bergman  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
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U.S.  Navy  Fact  Sheet 


Automated  Software  Metrics  Tool  for  CMS-2  Programs 


CMSTOOL  was  developed  by  the  U.S.  Navy  to  provide  a  range  of  software  quality  measurements, 
including  CMS-2  source  code  complexity,  programming  standards  and  style  checking,  and  software 
maintenance  indicators. 

CMSTOOL  is  an  automated  software  metrics  tool  for  the  analysis  of  CMS-2  computer  programs.  The 
tool  provides  a  McCabe-based  software  complexity,  measurement,  subtasking  level,  percentages  of 
commenting,  direct  code  usage,  and  HOL  in  the  source  code,  program  size,  and  a  number  of 
programming  standards  and  style  indicators.    Specifically,  there  are  seven  (7)  quantitative  metrics 
and  twelve  (12)  standard  flags  generated  by  CMSTOOL.   This  tool  will  support  Software  Quality 
Assurance  (SQA)  efforts  involved  in  CMS-2  based  projects. 

CMSTOOL  analysis  of  CMS-2  embedded  computer  programs  allows  the  system  programmer/analysts 
to  evaluate  the  software's  characteristics  in  terms  of  modularity,  understandability,  complexity, 
portability,  and  maintainability.    Data  from  the  tool  can  also  be  useful  in  software  test  plan  phases 
to  ensure  that  testing  priority/effort  is  focused  on  the  high  complexity  modules. 

Present  methods  for  extracting  metrics  from  CMS-2  programs  would  be  manual.    Not  only  does 
CMSTOOL  automate  this  process  but  it  is  also  highly  customizable  in  terms  of  tailoring  the 
standards  and  style  indicators  to  specific,  project  defined  software  development  guidelines. 

The  software  package  for  CMSTOOL  includes  source  program,  executable  code,  VAX  Command  Files  to 
support  both  interactive  and  batch  processing,  installation/user  notes,  and  a  Program  Description 
Document  (PDD)  formatted  for  laser  printing. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS  Springfield,  VA 
22161;  (703)487-4600.     For  information  on  licensing  of  this  subject,  contact  the  Naval  Surface 
Warfare  Center,  Mr.  Robert  D.  Heidenreich,  Code  D211,  Naval  Surface  Warfare  Center,  Dahlgren, 
VA  22448-5000;  (202)394-4332.     For  additional  literature,  contact  Mr.  Michael  Peeler; 
(703)663-8836. 
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Calculating  Cumulative 

Binomial-Distribution 

Probabilities 

Reliabilities  and  availabilities 
of  /c-out-of-n  systems 
can  be  analyzed. 

The  cumulative-binomial  computer  pro- 
gram, CUMBIN,  is  one  of  a  set  of  three  pro- 
grams that  calculate  cumulative  binomial 
probability  distributions  for  arbitrary  inputs. 
Tne  three  programs,  CUMBIN,  NEWTONP 
(NPO-17556),  and  CROSSER  (NPO-17557), 
can  be  used  independently  of  one  another. 
CUMBIN  can  be  used  by  statisticians  and 
users  of  statistical  procedures,  test  plan- 
ners, designers,  and  numerical  analysts. 
The  program  has  been  used  for  calcula- 
tions of  reliability  and  availability. 

CUMBIN  calculates  the  probability  that 
in  a  system  of  n  components,  at  least  k  will 
be  operating  if  the  probability  that  any  one 
is  operating  is  p  and  the  components  are 
independent.  Equivalent^,  this  is  the  reli- 
ability of  a  /r-out-of-n  system  having  inde- 
pendent components  with  common  reli- 
ability p.  CUMBIN  can  be  used  to  evaluate 
the  incomplete  beta  distribution  for  two 
positive  integer  arguments.  CUMBIN  can 
also  be  used  to  evaluate  the  negative 
binomial  distribution  and  the  cumulative  F 
distribution  with  both  degrees  of  freedom 
even  and  to  determine  the  size  of  the  sam- 
ple in  designing  a  test. 


CUMBIN  is  designed  to  work  well  with 
all  integer  values  0< k<n  and  0<p<  1.  To 
run  the  program,  the  user  simply  runs  the 
executable  version  and  inserts  the  infor- 
mation requested  by  the  program.  The  pro- 
gram is  not  designed  to  reject  incorrect  in- 
puts, so  the  user  must  take  care  to  make 
sure  the  inputs  are  correct.  Once  all  input 
data  have  been  entered,  the  program  cal- 
culates and  lists  the  result. 

The  CUMBIN  program  is  written  in  C.  It 
was  developed  on  an  IBM  AT  computer 
with  a  numeric  coprocessor  using  Micro- 
soft C  5.0.  Because  the  source  code  is  writ- 
ten by  use  of  standard  C  structures  and 
functions,  it  should  compile  correctly  with 
most  C  compilers.  The  format  of  the  pro- 
gram is  interactive.  It  has  been  imple- 
mented under  DOS  3.2  and  has  a  memory 
requirement  of  26K.  CUMBIN  was  devel- 
oped in  1988. 

This  program  was  written  by  Ernest  M. 
Scheuer  and  Paul  N.  Bower  man  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 


NPO-17555/TN 


FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Program  for  a 
Pushbutton  Display 

Light-emitting-diode  displays 
on  pushbuttons  are  controlled 
interactively. 

The  Programmable  Display  Pushbutton 
(PDP)  is  a  pushbutton  device  available 
from  Micro  Switch  that  has  a  program- 
mable 16x35  matrix  of  light-emitting 
diodes  on  the  pushbutton  surface.  Any 
desired  legends  can  be  displayed  on  the 
PDP's,  producing  user-friendly  applica- 
tions that  greatly  reduce  the  need  for 
dedicated  manual  controls.  Because  the 
PDP  can  interact  with  the  operator,  it  can 
call  for  the  correct  response  before 
transmitting  its  next  message.  It  is  both  a 
simple  manual  control  and  a  sophisticated 
programmable  link  between  the  operator 
and  the  host  system. 

The  Programmable  Display  Pushbutton 
Legend  Editor  (PDPE)  computer  program 
is  used  to  create  the  light-emitting-diode 
(LED)  displays  for  the  pushbuttons.  PDPE 
encodes  PDP  control  commands  and  legend 
data  into  message  byte  strings  sent  to  a 
logic-refresh-and-control  unit  (LRCU).  The 
LRCU  serves  as  the  driver  for  a  set  of  four 
PDP's.  The  legend  editor  (PDPE)  transmits 
to  the  LRCU  commands  specified  by  the 


user  to  control  what  is  displayed  on  the 
LED  faces  of  the  individual  pushbuttons. 
Upon  receiving  a  command,  the  LRCU 
transmits  an  acknowledgement  that  the 
message  was  received  and  executed  suc- 
cessfully. The  user  then  observes  the  ef- 
fect of  the  command  on  the  PDP  displays 
and  decides  whether  or  not  to  send  the 
byte  code  of  the  message  to  a  data  file  so 
that  it  can  be  called  by  an  application  pro- 
gram. 

The  PDPE  program  is  written  in  FOR- 
TRAN for  interactive  execution.  It  was 
developed  on  a  DEC  VAX  11/780  computer 
under  VMS.  It  has  a  central-memory  re- 
quirement of  approximately  12,800  bytes. 
It  requires  four  Micro  Switch  PDP's  and 
two  RS-232  VAX  1 1  /780  terminal  ports.  The 
PDPE  program  was  developed  in  1985. 

This  program  was  written  by  Anthony  M. 
Busquets  and  William  S.  Luck,  Jr.,  of 
Langley  Research  Center. 
LAR-13671/TN 


FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC^ 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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System-Reliability 

Cumulative-Binomial 

Program 

This  program  finds  the 
probability  required  to  yield 
a  given  system  reliability. 

The  cumulative-binomial  computer  pro- 
gram, NEWTONP,  is  one  of  a  set  of  three 
programs  that  calculate  cumulative  bi- 
nomial probability  distributions  for  arbitrary 
inputs.  The  three  programs,  NEWTONP, 
CUMBIN  (NP0-17555),  and  CROSSER 
(NPO-17557),  can  be  used  independently 
of  one  another.  NEWTONP  can  be  used  by 
statisticians  and  users  of  statistical  pro- 
cedures, test  planners,  designers,  and 
numerical  analysts.  The  program  has  been 
used  for  calculations  of  reliability  and 
availability. 

NEWTONP  calculates  the  probability  p 
required  to  yield  a  given  system  reliability  V 
x  a  /r-out-of-n  system.  It  can  also  be  used 
Jo  determine  the  Clopper-Pearson  confi- 
dence limits  (either  one-sided  or  two-sided) 
for  the  parameter  p  of  a  Bernoulli  distribu- 
tion. NEWTONP  can  also  be  used  to  deter- 
mine Bayesian  probability  limits  for  a  pro- 
portion (if  the  beta  prior  has  positive  integer 
parameters),  the  percentiles  of  incomplete 
beta  distributions  with  positive  integer 
parameters,  the  percentiles  of  F  distribu- 
tions in  which  both  degrees  of  freedom  are 
even,  and  the  median  plotting  positions  in 
probability  plotting. 


NEWTON  P  is  designed  to  work  well  with 
all  integer  values  0</c<nandCK  V<1.  To 
run  the  program,  the  user  simply  runs  the 
executable  version  and  inserts  the  infor- 
mation requested  by  the  program.  NEW- 
TONP is  not  designed  to  reject  incorrect  in- 
puts, so  the  user  must  take  care  to  make 
sure  that  the  inputs  are  correct.  Once  all  in- 
put data  have  been  entered,  the  program 
calculates  and  lists  the  result.  It  also  lists 
the  number  of  iterations  of  Newton's 
method  required  to  calculate  the  answer 
within  a  given  error. 

The  NEWTONP  program  is  written  in  C. 
It  was  developed  on  an  IBM  AT  computer 
with  a  numeric  coprocessor  using  Micro- 
soft C  5.0.  Because  the  source  code  is  writ- 
ten by  use  of  standard  C  structures  and 
functions,  it  should  compile  correctly  with 
most  C  compilers.  The  format  of  the  pro- 
gram is  interactive.  It  has  been  imple- 
mented under  DOS  3.2  and  has  a  memory 
requirement  of  26K.  NEWTONP  was  de- 
veloped in  1988. 

This  program  was  written  by  Ernest  M. 
Scheuer  and  Paul  N.  Bower  man  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-17556/TN 


FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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0831  Portable  Printed  Circuit  Board  Work  Center  Available 

0832  Increasing  and  Combining  Outputs  of  Semiconductor  Lasers — Coherent 
and  incoherent  schemes  are  reviewed. 

0833  Eight-Bit-Slice  GaAs  General  Processor  Circuit — Features  include 
speed  and  adaptability  to  a  variety  of  digital  systems. 

0834  Fast  Asynchronous  Data  Communication  Via  Fiber  Optics  (Licensing 
Opportunity) 

0835  Interface  for  Fault-Tolerant  Control  System  (Licensing  Opportunity) 

0836  Making  Displaced  Holograms  at  Two  Wavelengths — Two  types  of 
gradients  in  refraction  can  be  measured  simultaneously.  (Licensing 
Opportunity) 

0837  Metal  Film  Increases  CCD  Quantum  Efficiency — A  CCD  structure 
provides  the  means  of  obtaining  100  percent  internal  quantum  efficiency 
over  a  large  spectral  range.  (Licensing  Opportunity) 

0838  Optically-Contolled  Microwave  Devices  and  Circuits — Optical  control 
increases  speed  and  reduced  the  bulk  of  interconnections. 

0839  Output-Isolation  and  Protection  Circuit — This  circuit  tolerates  large 
common-mode  voltages  and  normal-mode  overvoltages  on  the  output 
leads.  (Licensing  Opportunity) 

0840  Photovoltaic-Driven  Multiple-Quantum-Well  Modulator  (Licensing 
Opportunity) 

0841  Review  of  Fiber-Optic  Electric-Field  Sensors — Piezoactive  plastics 
stress  glass  fibers,  causing  phase  shifts. 

0842  Signal  Preprocessor  for  Laser-Fringe  Anemometers — Added  control  and 
filtering  functions  enhance  the  collection  of  data. 

0843  Strain-Layer-Superlattice  Light  Modulator  (Licensing  Opportunity) 

0844  Synthetic  Estimation  Filters  for  Determination  of  Position — The  position 
and  orientation  of  a  target  would  be  determined  by  optical  correlation. 

Testing  &  Instrumentation 

0845  Utilizing  Transverse  Electromagnetic  (TEM)  Cells 

0846  Detector  for  FM  Voice  or  Digital  Signals — A  simple  switching 
arrangement  enables  the  selection  of  one  or  the  other.  (Licensing 
Opportunity) 

0847  Spectrum-Modulating  Fiber-Optic  Sensors — Susceptibility  to  variations 
in  transmissivity  is  reduced. 

Other  Items  of  Interest 

0825  Optical  Addressing  and  Clocking  of  RAM's — This  approach  could  greatly 
increase  computer  operating  speed.  (Licensing  Opportunity) 

0826  Optical  Firmware — Central-processor  instructions  would  be  contained  in 
a  holographic  optical  element.  (Licensing  Opportunity) 

0865     'Smart'  Electromechanical  Short  Absorber— Mechanical  response  is 
adjustable  via  programmable  forcing  functions. 

0915     World's  Smallest  Prism 
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Portable  Printed  Circuit  Board  Work  Center  Available 

To  ease  testing,  repairing,  and  replacing. 


Electronic  components. 
whether  individually  or 
combined  on  a  printed  circuit 
board,  can  and  do  fail.  Testing, 
repairing,  and  replacing  are 
laborious  procedures.  Research- 
ers at  the  Naval  Ocean  Systems 
Center,  San  Diego,  California. 
have  made  available  a  self- 
contained,  electronic,  electro- 
mechanical, bench-top  work  unit 
to  service  electronic  circuits  and 
specifically  circuit  boards. 

The  product  consists  of  solder 
iron  temperature  adjust  control 
function,  a  continuously  variable 
vacuum  or  pressure  control 
function,  and  low-voltage  hand- 
tool  power  supply  function.    The 


work  unit  also  contains  an 
alternate  foot  switch  control  unit. 
a  digital  display  input  for  control 
and  function  selection,  digital 
displays  of  status  solid  state 
control  logic  circuit  for  operation, 
and  auxiliary  control  power 
outlets. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  140404/TN 
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Increasing  and  Combining 
Outputs  of 
Semiconductor  Lasers 

Coherent  and  incoherent 
schemes  are  reviewed. 

A  paper  reviews  methods  of  increasing 
and  combining  the  outputs  of  semiconduc- 
tor lasers,  with  references  to  the  literature 
of  recent  years  (mostly  1986  and  1987). 
This  is  a  field  of  great  practical  importance: 
It  is  necessary  to  increase  or  combine  the 
outputs  of  individual  lasers  to  obtain  suffi- 
cient power  for  such  uses  as  communica- 
tion, ranging,  remote  sensing,  printing,  and 
pumping  solid-state  lasers. 

There  are  several  figures  of  merit  by 
which  one  can  characterize  the  output  of  a 
single  laser  or  an  array  of  lasers;  which  one 
to  use  depends  on  the  application.  Al- 
though the  output  power  is  one  such  figure, 
the  power  density  (power  per  unit  area)  or 
the  brightness  (power  per  unit  area  per  unit 
solid  angle  in  a  given  direction)  might  be 
more  meaningful  under  some  circum- 
stances. In  applications  in  which  the  far- 
field  output  light  is  used,  as  in  ranging  and 
communication  through  free  space,  it  is 
preferable  to  characterize  the  output  in 


terms  of  the  intensity,  which  is  the  power 
per  unit  solid  angle  in  a  given  direction. 

One  approach  to  increasing  power  is  to 
increase  the  power  emitted  by  a  single 
device.  When  operation  in  a  single  elec- 
tromagnetic mode  is  required,  the  power 
can  be  increased  only  up  to  the  level  (usu- 
ally about  100  mW)  at  which  multimode 
operation  sets  in.  When  operation  in  a 
single  mode  is  not  required,  power  can  be 
increased  further,  limited  by  the  need  to 
avoid  excessive  heating. 

Outputs  of  laser  diodes  can  be  combined 
incoherently  in  several  ways.  For  example, 
apertures  can  be  shared  to  increase  the 
power  but  not  the  brightness.  Wavelengths 
can  be  multiplexed  (e.g.,  by  inverse  of  dis- 
persion in  a  prism)  to  increase  the  bright- 
ness at  the  price  of  increased  spectral 
width.  Polarizations  can  be  combined  to  in- 
crease the  brightness. 

Outputs  can  be  combined  coherently  to 
increase  the  intensity  and  brightness.  For 


example,  a  coherent  array  of  N  identical 
lasers  operating  in  phase  has  N  times  the 
brightness  and  N  times  the  power  density 
in  the  forward  direction  of  a  similar  inco- 
herent array.  The  total  power  emitted  in 
both  cases  is  the  same,  but  the  angular  dis- 
tribution of  the  radiation  in  the  coherent 
case  is  different  and  is  typically  concentrat- 
ed in  several  narrow  lobes.  Coherent  opera- 
tion of  the  laser  diodes  in  an  array  can  be 
achieved  by  interaction,  injection  locking, 
or  coherent  amplification. 

Output-combining  schemes  can  be  im- 
plemented by  fabricating  laser  diodes  in  ar- 
rays as  monolithic  devices  or  by  mounting 
discrete  devices  in  arrays.  Hybrid  mod- 
ules, each  element  of  which  by  itself  is  a 
monolithic  array,  are  also  possible. 

This  work  was  done  by  Joseph  Katz  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory.   "Power  Combining  of  Semi- 
conductor Lasers. " 
NPO-17473/TN 
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Eight-Bit-Slice  GaAs  General  Processor  Circuit 

Features  include  speed  and  adaptability  to  a  variety  of  digital  systems. 


A  novel  GaAs  8-bit  slice  will  enable  the 
quick  and  efficient  implementation  of  a  vari- 
ety of  fast  GaAs  digital  systems  ranging 
from  central  processing  units  of  computers 
to  special-purpose  processors  for  com- 
munications and  signal-processing  appli- 
cations. With  the  GaAs  8-bit  slice,  design- 
ers can  quickly  configure  and  test  the 
hearts  of  many  digital  systems  that  de- 
mand fast  complex  arithmetic,  fast  and 
sufficient  register  storage,  efficient  multi- 
plexing and  routing  of  data  words,  and 
ease  of  control. 

The  device  itself  is  laid  out  with  a  bit-slice 
arrangement.  One  bit  of  each  register,  the 
arithmetic-and-logic  unit,  multiplexing 
logic,  and  the  three  major  buses,  is  re- 
peated eight  times  in  the  circuitry  illustrat- 
ed in  the  figure.  The  least-significant  and 
the  two  most-significant  1-bit  slices  of  the 
8-bit  slice  are  more  complicated  than  is 
shown  in  the  figure  because  of  built-in 
multiplication  and  division  functions  and 
operations  involving  shifting  and  rotation 
(or  cyclic  shifting)  of  data. 

Orthogonal  to  the  eight  1-bit  slices  are 
the  communication  paths  of  a  novel  means 
of  multiplexing  shift  paths  for  both  right  and 
left  operations  onto  the  same  paths. 

The  8-bit  slice  is  made  adaptable  to 
slower  asynchronous  systems  by  an  input 
called  "MACK"  (memory  acknowledge) 
and  some  internal  mode-control  logic, 
which  includes  a  small  number  of  internal 
states.  The  logic  interprets  the  condition  of 
MACK  =  1  as  either  a  strobe  preceding  the 
data  from  a  system-memory-reading  oper- 
ation by  half  a  clock  period  or  as  an  ac- 
knowledgement from  system  memory  that 
it  has  latched  the  data  to  be  written  into  it. 
For  the  quickest  possible  response  to 
memory,  the  MACK  input  goes  to  both  the 
system  microprogram  control  and  to  all  bit 
slices. 

Modularity  and  high  performance  in 
multiplication  and  division  are  achieved  by 
incorporating  the  special  steps  for  a  2-bit- 
at-a-time  multiplying  algorithm  and  a  non- 
restoring  dividing  algorithm  into  the  set  of 
microcommands.  Moreover,  these  special 
steps  include  the  initialization  of  register 
contents  for  multiplication,  the  various 
cases  of  addition  and  subtraction  with  or 
without  shift  in  division,  steps  that  provide 
for  the  many  different  ways  of  forming  the 
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A  =  Address  Register. 

C  =  Carry. 

D  =  Data  Register. 

E  =  Extension  for  Multiply  Register. 

H  =  Program  Counter  Incrementer. 


P  =  Program  Counter  Register. 

ALU  =  Arithmetic  and  Logic  Unit. 

X,  Y  are  ALU  Argument  Registers. 

Z  is  ALU  Result  Register. 

Suffix  L  Signifies  Register  Updates  During  Clock  Low. 

Suffix  H  Signifies  Register  Updates  During  Clock  High. 


This  Data-Path  Block  Diagram  illustrates  the  functions  of  the  8-bit-slice  circuit. 


833 


remainder  in  division,  and  the  ability  to 
modify  the  multiplying  algorithm  to  cover 
all  cases  in  which  the  multiplier  and  multi- 
plicand are  signed  two's-complement  bi- 
nary words  or  unsigned  positive  binary 
words. 

The  8-bit  slice  contains  novel  controls 
to  enable  the  use  of  it  in  arithmetic-and- 
logic  units  of  variable  bit  length.  By  use  of 
this  feature,  any  bit  slice  in  the  system  can 
be  designated  by  microcode  to  be  the 
least-significant-bit  slice  for  the  current 
arithmetic  or  logic  operation.  Carries  and 


borrowings  from  other  bit  slices  do  not  pro- 
pagate into  this  bit  slice,  and  shift  paths  for 
multiplication  and  division  are  automati- 
cally adjusted.  One  register  address  field  is 
used  as  an  immediate  value  (a  microliteral) 
whenever  the  other  register  address  field 
is  a  dedicated  constant,  and  a  special  state 
enables  the  carry  or  borrowing  to  propa- 
gate through  a  very  large  number  of  bit 
slices  (say  12  for  a  96-bit  computer  arith- 
metic-and-logic  unit)  without  requiring  a 
slower  clock. 
The  9400-transistor  chip  has  been 


fabricated  in  a  1.0-micrometer  depletion- 
mode  MESFET  (Metal-Semiconductor 
FET)  technology.  The  die  measures  4.9  by 
3.9  mm  and  has  demonstrated  perform- 
ance above  150  million  operations  per  sec- 
ond. The  initial  application  for  the  device  is 
a  NASA  data-compression  system  per- 
forming differential  pulse  code  modulation. 
This  work  was  done  by  John  Weissman 
and  Robert  V.  Gauthier  of  Rockwell  Interna- 
tional Corp.  for  Goddard  Space  Right 
Center.  GSC-13012/TN 
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Fast  Asynchronous  Data  Communication  Via 

A  transmitter  and  receiver  convert  between  serial  and 
parallel  transmission  and  recover  clock  signals. 


A  transmitter  and  receiver  (see  Figure  1 ) 
have  been  devised  for  asynchronous  digi- 
tal communication  via  optical  fiber  at  rates 
above  100  Mb/s.  The  transmitter  converts 
parallel  data  to  serial  for  high-speed  trans- 
mission; the  receiver  recovers  the  clock 
signal  and  converts  the  data  back  to  paral- 
lel. No  phase-lock  loops  are  used. 

In  a  conventional  asynchronous  receiv- 
er of  this  type,  the  clock  phase  of  the  in- 
coming signal  is  determined  by  oversam- 
pling  that  is,  taking  8  to  16  samples  of  the 
first  arriving  bit.  Because  the  required  high 
sampling  rate  is  difficult  to  achieve  at  100 
Mb/s,  the  new  receiver  design  avoids  over- 
sampling  altogether.  Instead,  a  local  sam- 
pling oscillator  operating  nominally  at  the 
clock  frequency  generates  N  clock  signals 
of  equally  spaced  phase,  which  are  used  to 
clock  the  incoming  data  into  N  separate 
shift  registers. 

The  number  N  of  registers  or  phases  re- 
quired is  given  by  N  >2tb/ts,  where  tb  is  the 
bit  period,  and  fs  is  the  sampling  interval.  If 
N  satisfies  this  criterion,  then  at  least  one 


of  the  receiver  clock  phases  is  valid,  and 
the  corresponding  shift  register  holds  the 
correctly  synchronized  data. 

The  serial  data  are  framed  (see  Figure  2) 
to  identify  the  beginnings  and  ends  of  data 
fields  and  to  enable  the  receiver  logic  to 
clear  itself  after  each  message,  generate 
interface-control  and  acknowledgement 
("handshaking")  signals,  and  mitigate  the 
propagation  of  bit  errors  between  frames. 

In  the  transmitter,  data  are  loaded  into  a 
shift  register  in  parallel  when  a  "data- 
ready"  signal  appears.  When  the  "data- 
ready"  signal  disappears,  the  shift  register 
begins  to  shift  the  data  out  serially  in  syn- 
chronism with  the  high-speed  clock,  inter- 
spersed with  the  framing  bits.  In  the  ab- 
sence of  new  data,  zeros  are  shifted  out. 

The  timing  is  critical  in  the  parallel  load- 
ing of  data  into  the  transmitter  shift  regis- 
ters: the  loading  pulse  must  be  stable  dur- 
ing the  positive-going  edge  of  the  clock 
pulse.  The  required  stabilization  can  be 
achieved  with  a  pulse  synchronizer.  The 
timing  is  also  critical  in  the  receiver  phase 


Fiber  Optics 

detector:  it  is  necessary  to  center  the  180° 
sampling  interval  in  the  360°  bit  interval. 
This  can  be  done  by  using  gate  delays  in 
the  path  of  the  clock  signal  to  the  phase 
detector.  At  high  speeds,  where  the  setup 
and  holding  times  of  the  logic  constitute  a 
large  portion  of  the  bit  period,  the  delay  can 
be  sensitive  to  the  serial  bit  rate. 

A  "breadboard"  version  was  construct- 
ed of  emitter-coupled-logic  integrated- 
circuit  chips,  a  commercial  infrared  fiber- 
optic link,  and  two  shift  registers  of  22  bits 
(11  of  which  are  data  bits)  each.  With  a 
serial  bit  rate  of  176  Mb/s  and  a  byte  rate  of 
8  Mb/s,  the  bit  error  rate  of  each  of  the  11 
channels  was  less  than  2.3  x10~11. 

This  work  was  done  by  Larry  A. 
Bergman  of  Caltech  and  Robert  G.  Tell  of 
Chalmers  University  for  NASA's  Jet  Pro- 
pulsion Laboratory 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 
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Figure  1.  This  Digital  Communication  System  can  be  used  to  provide  serial,  asynchronous  transmission  of  data  over  fiber  optics  between 
two  computers  with  parallel  interfaces  and  independent  clocks. 
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Figure  2.  A  Frame  of  Data  includes  a  starting  sequence  of  ones,  and  zeros  to  mark  the  edges 
of  the  data  fields.  Bit  stuffing  zeros  at  every  fifth  bit  position  in  the  data  held  makes  the  start 
bit  sequence  unique. 
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Interface  for  Fault-Tolerant  Control  System 

Developmental  equipment  is  used  in  research  on  reliable  flight-control  systems. 


An  interface  unit  and  a  controller  emula- 
tor have  been  developed  for  research  on 
electronic  helicopter-flight-control  systems 
equipped  with  artificial  intelligence.  The  in- 
terface unit  is  an  interrupt-driven  system 
designed  to  link  a  microprocessor-based, 
quadruply-redundant,  asynchronous,  ultra- 
reliable,  fault-tolerant  control  system  (the 
controller)  with  an  electronic  servocontrol 
unit  that  controls  a  set  of  hydraulic  ac- 
tuators. Because  the  controller  was  not 
available,  it  was  necessary  to  build  a  con- 
troller emulator  to  provide  signals  to  test 
the  interface  unit. 

The  interface  unit  receives  a  digital 
message  from  the  controller  or  emulator 
and  transmits  data  to  the  servocontrol  unit. 
The  interface  unit  also  transmits  a  feed- 
back message,  representing  the  most  re- 
cent positions  of  the  actuators,  from  the 
servocontrol  unit  to  the  controller  upon  re- 
quest from  the  controller  (see  figure).  The 
digital  messages  received  and  transmitted 
by  the  interface  unit  contain  a  minimum  of 
12  bytes  and  a  maximum  of  76  bytes.  The 
main  feature  of  each  message  is  the  8 
bytes  that  describe  the  command  for  the 
four  control  axes  of  a  helicopter. 

The  interface  unit  contains  five  boards. 
The  signal-distribution  board  receives  the 
digital  messages  from  the  controller  and 
distributes  them  to  the  four  signal-process- 
ing boards.  The  signal-distribution  board  in- 
cludes four  receivers  to  receive  messages 
from  the  controller,  one  receiver  to  receive 
a  request  for  data  from  the  controller,  one 
transmitter  to  transmit  a  pulse  to  the  con- 
troller at  the  beginning  of  a  feedback  trans- 
mission, and  one  transmitter  to  transmit 
feedback  messages. 

The  four  signal-processing  boards  all 
contain  the  circuitry  to  receive  data  from 
the  controller.  One  of  these  boards  con- 
tains the  extra  circuitry  needed  for  the 
feedback.  The  principal  components  used 
on  each  signal-processing  board  during 
the  reception  of  a  message  from  the  con- 
troller are  an  8751  microcontroller,  a  6402A 
universal  asynchronous  receiver/trans- 
mitter, a  programmable  peripheral  inter- 
face, and  digital-to-analog  converters. 

The  emulator  is  also  based  on  the  8751 
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The  Interface  Unit  can  receive  digital  feedforward  messages  from,  and  transmit  digital  feed- 
back messages  to,  the  controller  through  differential  signal  lines  or  fiber-optic  cables  (thus 
far  only  differential  signal  lines  have  been  used).  Analog  signals  are  transmitted  to  and  from 
the  servocontrol  unit  via  coaxial  cables. 


microcontroller.  The  emulator  is  used  pri- 
marily to  generate  a  digital  message  for  the 
interface  to  receive  and  process.  The  vari- 
able update  rates  of  the  emulator  make  it 
possible  to  study  the  effect  of  the  update 
rate  on  quantization.  Attempts  to  smooth 
the  quantization  can  be  made  in  the  inter- 
face during  the  time  between  updates  be- 
cause no  interruptions  are  occurring. 

The  8-bit  architecture  of  the  8751  makes 
the  smoothing  algorithms  cumbersome 
because  the  data  for  the  control  axes  from 
the  controller  are  transmitted  at  16  bits/s. 
Because  all  mathematics  and  shifting  rou- 
tines are  not  supported  by  the  instruction 
set  of  the  8-bit  8751,  separate  routines 
must  be  written  to  accomplish  any  calcula- 
tions that  must  be  performed  to  smooth  the 
output  of  the  interface  unit.  The  develop- 
ment of  16-bit  microcontrollers  will  greatly 
simplify  the  algorithms  necessary  to  re- 
duce the  effects  of  quantization. 

This  work  was  done  by  Charles  Shaver 
and  Michael  Williamson  of  Ames  Re- 


search Center.  Further  information  may 
be  found  in  NASA  TM-88236  [N88-13367/ 
NSP],  Price  Code:  A03  "Development  of 
an  Interface  for  an  Ultrareliable  Fault- 
Tolerant  Control  System  and  an 
Electronic  Servo-Control  Unit. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center.  Refer  to 
ARC-11791/TN. 


Ames  Research  Ctr. 
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Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
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Making  Displaced  Holograms  at  Two  Wavelengths 

Two  types  of  gradients  in  refraction  can  be  measured  simultaneously. 


A  two-wavelength  holographic  system 
can  be  augmented  with  a  pair  of  prisms  to 
introduce  a  small  separation  between  the 
holograms  formed  simultaneously  at  the 
two  wavelengths  on  the  holographic  plate. 
Previously,  the  two  holograms  were  over- 
lapped on  the  plate,  and  the  two  images 


were  obtained  in  a  cumbersome  two-step 
process:  First,  a  photograph  was  taken  of 
the  reconstruction  of  the  scene  from  the 
hologram  of  the  first  wavelength;  then  a 
second  photograph  was  taken  while  re- 
constructing at  the  second  wavelength. 
Great  care  had  to  be  taken  in  obtaining 


-« \  Laser  (Wavelength  1)  I 
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RECONSTRUCTION  OF  SCENE  IN  TEST  CELL 
FROM  HOLOQRAM(S) 


Holograms  at  Two  Different  Wavelengths  are  displaced  slightly  from  each  other  because 
the  object  beams  are  dispersed  by  the  two  prisms. 
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these  photographs  because  the  differen- 
ces between  the  spacings  of  the  interfer- 
ence fringes  in  the  two  photographs  were 
sometimes  very  small. 

The  principal  use  of  this  type  of  holog- 
raphy is  in  the  study  of  flows.  Gradients  in 
the  index  of  refraction  of  a  fluid  can  be 
caused  by  variations  in  temperature,  con- 
centration, or  both.  Holography  at  one 
wavelength  cannot  be  used  to  distinguish 
between  the  two  types  of  variations.  How- 
ever, the  difference  between  the  spacings 
of  fringes  in  photographs  reconstructed 
from  holograms  that  were  taken  simul- 
taneously at  two  different  wavelengths  can 
be  manipulated  mathematically  to  deter- 
mine the  type  of  variation. 

Two  laser  beams  of  different  wave- 
lengths (e.g.,  623.8  and  442.0  nm)  are 
passed  through  a  cube  beam  splitter  to 
generate  an  object  beam  and  a  reference 
beam  at  each  wavelength.  The  beams  are 
spatially  filtered  and  collimated.  The  refer- 
ence beams  are  reflected  onto  the  photo- 
graphic plate.  The  object  beam  passes 
through  the  test  cell  that  contains  the  fluid, 
then  through  the  prisms,  which  disperse 
the  two  beams  to  slightly  different  angles. 
Thus,  the  two  object  beams  strike  the 
photographic  plate  at  slightly  separated 
positions,  forming  two  slightly  separated 
holograms  (see  figure). 

During  reconstruction,  the  two  images 
are  sufficiently  displaced  so  that  one  large 
photograph  containing  both  can  be  made. 
Because  both  photographs  are  taken  si- 
multaneously, the  sensitivity  of  the  system 
is  greatly  increased.  This  system  can  also 
be  used  in  the  real-time  analysis  of  fluid 
flow. 

This  work  was  done  by  William  K. 
Witherow  and  Andreas  Ecker  of  Marshall 
Space  Flight  Center.  No  further  docu- 
mentation is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel.,  Marshall  Space  Flight  Center 
Refer  to  MFS-28242/TN 
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Metal  Film  Increases  CCD  Quantum  Efficiency 


A  CCD  structure  provides  the 
over  a  large  spectral  range. 

A  thin  layer  of  platinum  or  of  other  high- 
work-function  metal  applied  to  the  back 
side  of  a  rear-illuminated  charge-coupled 
device  (CCD)  achieves  the  quantum  effi- 
ciency (QE>pinned  state,  an  ideal  condition 
allowing  the  sensor  to  achieve  100-percent 
internal  charge-collection  efficiency  within 
its  photosensitive  volume.  The  metal  layer, 
called  the  flash  gate,  is  easily  applied  by 
tungsten  vacuum  deposition  during  the  last 
step  of  the  sensor  fabrication. 

To  achieve  the  QE-pinned  state  in  a 
back-side-illuminated  CCD,  the  back  side 
must  be  properly  accumulated  after  thin- 
ning; that  is,  treated  to  create  a  strong  elec- 
tric field  to  sweep  signal-photogenerated 
electrons  away  from  the  back  side  to  the 
front-side  collecting  potential  wells.  In  the 
absence  of  an  accumulation  layer,  posi- 
tively-charged interface  states  located  at 
the  Si/Si02  interface  deplete  the  silicon  and 
in  turn  generate  an  electric  field  in  the  op- 
posite direction  toward  the  back  side,  caus- 
ing signal  carriers  to  be  lost  to  recombina- 
tion. This  undesired  field  condition  results 
in  very  poor  as  well  as  unstable  detector 
quantum-efficiency  performance,  particu- 
larly in  the  blue  and  ultraviolet  regions  of 
the  spectrum,  where  the  absorption  length 
of  the  photons  through  silicon  are  ex- 
tremely short.  The  accumulation  is  estab- 
lished by  the  flash  gate  through  the  work- 
function  difference  between  the  gate  and 
the  silicon,  causing  the  electrons  to  collect 
on  the  metal  layer  and  generate  a  net 
negative  surface  potential  of  a  few  tenths 
of  a  volt.  This  small  voltage  creates  an  ac- 
cumulation layer  of  holes  in  the  silicon, 
generating  a  strong  electric  field  (>  1,000 
V/m)  at  the  immediate  back-side  surface  in 
the  direction  of  the  front  side. 

Because  the  flash  gate  is  so  thin  (typical- 
ly less  than  1  monolayer),  it  does  not  at- 
tenuate the  incoming  radiation  significantly 
and  therefore  allows  the  CCD  to  respond 
over  a  broad  wavelength  range  of  1  A  (soft 
x-ray)  to  11,000  A  (near  infrared).  Although 
the  flash  gate  is  being  pursued  by  several 
CCD  manufacturers  and  is  applicable  to 
many  NASA  CCD  projects,  there  are  still 
some  technical  problems  and  improve- 
ments currently  being  addressed  in  the 


means  of  obtaining  100-percent  internal  quantum  efficiency 


. 


To  Front  Side  and 
Charge-Collecting 
Potential  Wells 


WITHOUT  FLASH  DATE 


To  Front  Side  and 
Charge-Collecting 
Potential  Wells 


WITH  FLASH  GATE 


The  Energy-Band  Structures  of  the  CCD  without  the  "flash  gate"  (above)  form  a  depletion 
well  at  the  back,  where  photoelectrons  are  lost  to  recombination.  With  the  flash  gate  (below), 
an  electric  field  is  generated  that  sweeps  the  signal  photoelectrons  away  from  the  back  side 
toward  the  front-side  potential  wells,  where  they  are  collected  in  individual  pixel  sites. 


subsequent  development  of  this  technolo- 
gy. One  problem,  for  example,  is  that  the 
flash  system  degrades  when  subjected  to 
extended  high-vacuum  conditions  at  room 
temperature.  One  improvement,  on  the 
other  hand,  is  the  use  of  antireflection 
coatings  deposited  on  top  of  the  flash  gate. 
Such  a  coating  has  the  advantage  of  re- 
ducing surface  reflection  loss,  thereby  in- 
creasing the  quantum  efficiency  of  the 
CCD  even  further. 

This  work  was  done  by  James  R.  Janesick 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  For  further  information,  Qrcle 
84  on  the  TSP  Request  Card. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell 


Director  of  Patents  and  Licensing 
Mail  Stop  301-6 

California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NPO-16815/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
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Optically-Controlled 
Microwave  Devices  and 
Circuits 

Optical  control  increases 
speed  and  reduces  the  bulk 
of  interconnections. 

A  NASA  Technical  Memorandum  dis- 
cusses the  physical  basis  and  the  dc  and 
microwave  characteristics  of  optically- 
controlled  microwave  devices  that  have 
been  described  in  the  literature.  The  em- 
phasis is  on  the  responses  of  GaAs/GaAJAs 
high-electron-mobility  transistors  (HEMT's) 
and  GaAs  metal/semiconductor  field-ef- 
fect transistors  (MESFET's)  to  light.  Such 
devices  have  been  used  to  detect  radio- 
frequency  modulation  of  optical  signals,  to 
control  the  gains  of  amplifiers,  and  to  pro- 
vide injection  locking  of  oscillators. 

The  response  of  a  microwave  device  to 
light  is  due  in  part  to  the  photovoltaic  effect. 
In  addition,  the  absorption  of  light  in  the 
substrate,  in  the  active  layer,  and  in  the 
Schottky  and  ohmic  contact  materials  in- 
creases the  density  of  free  carriers  of 
charge,  thereby  producing  a  photocon- 
ductive  effect. 

The  report  describes  the  current-versus- 
voltage  characteristics  of  the  reverse- 
biased  source/gate  junction  (drain  open)  of 
a  GaAs  MESFET  (0.3-mtti  gate  length)  and 
an  AIGaAs/GaAs  HEMT  (0.5-nm  gate 


length).  The  devices  were  illuminated  by  an 
AIGaAs/GaAs  laser  diode  at  a  wavelength 
of  0.83  ^m  via  a  graded-index  optical  fiber 
of  50-Mm  diameter.  The  gains  of  the  two  de- 
vices both  increase  with  illumination. 

Recent  developments  in  the  technology 
of  monolithic  GaAs  integrated  circuits  in 
both  the  microwave  and  optical  domains 
are  expected  to  lead  to  the  application  of 
optically  controlled  circuits  in  phased  an- 
tenna arrays  in  space  communications  sys- 
tems. At  microwave  frequencies,  the  trans- 
mission media  currently  available  for 
handling  control  signals,  such  as  coaxial 
cables  and  waveguides,  are  bulky  and  in- 
flexible. Optical  fiber  is  an  attractive  alter- 
native, providing  low  weight,  low  loss,  small 
size,  broad  bandwidth,  and  excellent  isola- 
tion. 

The  monolithic  integration  of  optical  and 
microwave  functions  on  a  single  GaAs 
substrate  is  expected  to  provide  light- 
weight digital  and  analog  links  for  control 
and  the  distribution  of  signals.  In  a  typical 
device,  light  from  optical  fibers  would  be 
coupled  through  aligners  to  integrated 


photodetectors  on  a  GaAs  monolithic  mi- 
crowave integrated  circuit:  Optically-con- 
trolled microwave  devices  (interdigitated 
photodetectors)  can  demodulate  radio-fre- 
quency signals  carried  by  optical  signals. 
They  can  also  detect  and  amplify  digital 
signals  at  rates  of  gigabits  per  second  to 
control  the  functions  of  phase  shifters  and 
the  gains  of  amplifiers  in  transmitting  mod- 
ules. 

77?/s  work  was  done  by  Kul  B.  Bhasin 
and  Rainee  N.  Simons  of  Lewis  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-89869  [N87-23900],  Price 
Code:  A02  "Optically  Controlled  Micro- 
wave Devices  and  Circuits:  Emerging 
Applications  in  Space  Communications 
Systems." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14592/TN 
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Output-Isolation  and  Protection  Circuit 

This  circuit  tolerates  large  common-mode  voltages  and 
normal-mode  overvoltages  on  the  output  leads. 


An  output-isolation  circuit  couples  pre- 
cise analog  signals  ( -10  to  +10  V,  0  to  20 
kHz)  from  a  computer  or  from  other  elec- 
tronic equipment  to  external  electronic 
equipment  that  may  be  at  a  different  ground 
potential.  The  circuit  functionc  in  the  pres- 
ence of  common-mode  voltages  up  to  2,500 
Vac  or  3,500  Vdc.  To  prevent  damage  from 
accidental  connection  of  the  output  leads  to 
powerlines  or  other  sources  of  high  voltage, 
the  circuit  includes  features  that  protect  the 
input  and  output  signal  lines  against  normal- 
mode  overvoltages  up  to  120  V  ac  or  dc. 

In  normal  operation,  the  circuit  (see  fig- 
ure) passes  a  signal  from  its  input  to  its  out- 
put at  the  same  polarity  and  with  a  small 
gain.  The  principal  element  is  Uv  an  inte- 
grated circuit  that  includes  a  precise  three- 
port  isolation  amplifier,  which  isolates  its  out- 
put from  its  input  by  internal  transformer 
coupling.  U1  also  provides  an  isolated 
±15-V,  5-mA  power  supply.  The  gain  of  the 
amplifier  (in  this  case,  1)  is  set  by  the  selec- 
tion of  resistors  R5and  R&  U1  can  provide 
an  output  of  ±10  V. 

The  output  of  U.,  is  buffered  by  U2,  a  low- 
power,  precise  operational  amplifier  that  is 
powered  by  Uv  This  operational  amplifier 
was  chosen  because  it  consumes  very  little 
power  because  and  its  output  can  swing 
very  closely  to  its  power-supply  rails.  Resis- 
tors R1  and  R2are  chosen  to  set  the  gain  of 
U2at  1.5  —  a  value  that  maximizes  the  out- 
put swing  of  U? 

Four  components  provide  for  stability. 
Capacitor  C1  filters  the  ripple  on  the  +15-V 
power  supply  of  Uv  The  internal  circuitry  of 
the  negative  supply  has  been  filtered  more 
heavily  so  that  no  external  capacitor  is 
needed.  Capacitor  C2  stabilizes  the  ringing 
that  occurs  when  a  long  cable  or  a  complex 
load  is  connected  to  U?  Resistor  R3cancels 
the  effects  of  the  bias  current  on  U^  resistor 
R7  performs  the  same  function  for  the  oper- 
ational amplifier  in  Uv 

Several  components  protect  against 
overloads.  Diodes  Dv  D^  D7,  and  D8are 
voltage  clamps.  D1  and  D2  in  combination 
with  R2  protect  the  input  of  U2.  D7  and  D8  in 
combination  with  Rs  protect  the  input  ampli- 
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This  Isolation  Amplifier  features  high  rejection  of  common-mode  voltages  and  protection  against  Input  and  output  overloads. 


fier  of  Uv  D3  protects  U1  and  U2  from  re- 
verse current  in  the  negative  supply  lead  of 
U2,  while  D4  protects  U1  and  U2  from  re- 
verse current  in  the  positive  supply  lead  of 
U2. 

When  activated  by  sufficient  current  in  its 
gate  lead  (G),  triac  Q3  shorts  MT2to  MTV  Any 
overload  current  on  the  output  leads  then 
flows  safely  through  R4and  the  triac.  R4  is  a 
positive-temperature-coefficient  thermistor 
that  has  a  cold  resistance  of  50  Q.  When 
enough  current  passes  through  the  thermis- 
tor to  heat  it  above  switch  temperature,  its 
resistance  increases,  effectively  limiting  the 
overload  current. 

Transistors  Q1  and  Q2  are  the  overvolt- 
age  triggers  for  Q3.  The  bases  of  these  tran- 
sistors are  connected  to  the  +15-V  and 
-15-V  power  supplies,  respectively.  When 
the  output  voltage  on  the  emitter  of  Q1  is 
more  positive  than  the  +15-V  output  of  Uv 
Q1  turns  on,  allowing  current  to  flow  and  to 
turn  on  Q3.  In  an  analogous  manner,  Q2  and 
Q3  respond  to  negative  overvoltages. 

Diodes  D3  and  D4  enable  Q1  and  Q2  to 
turn  on  by  eliminating  the  reverse  current 
that  would  otherwise  flow  through  U2  when 


its  output  is  driven  beyond  its  power  supply 
limits.  D5  and  D6  supplement  the  reverse 
breakdown  potential  of  the  base/emitter 
junctions  of  Q1  and  Q2:  Without  D5and  Dg, 
the  base/emitter  junctions  would  conduct  in 
the  reverse  direction  at  voltages  above  5  to 
7  V,  thus  shorting  the  ±15-V  power  supplies 
to  each  other  and  to  the  output  of  U2. 

777/s  work  was  done  by  Charles  A. 
Wagner  and  Gary  V.  Kellogg  of  Ames  Re- 
search Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center.  Refer  to  ARC- 
11834/TN. 
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Photovoltaic-Driven  Multiple-Quantum-Well  Modulator 

The  mic restructure  and  composition  are  tailored  for  sensitivity  to  the  modulating  signal. 


A  proposed  high-performance  spatial 
light  modulator  would  consist  of  a  multiple- 
quantum-well,  strain-layer  superlattice  simi- 
lar to  the  one  descriPed  in  the  accompany- 
ing article,  "Strain-Layer-Superlattice  Light 
Modulator"  (NPO-16915).  However,  this 
device  differs  from  the  other  one  in  that  it 
would  operate  in  transmission  rather  than 
in  resonant  reflection  and  therefore  would 
include  only  one  stack  of  GaAs/lnAs  layers 
having  a  total  thickness  less  than  the  pene- 
tration depth  ( 1  to  2  ptm)  of  the  optical  mod- 
ulating signal. 

The  alternating  composition  and  selec- 
tive doping  of  the  layers  would  produce  mul- 
tiple quantum  wells  separated  by  space- 
charge  barriers  formed  by  the  depletion  of 
the  n-doped  GaAs  layers  (see  figure).  The 
photocurrent  generated  in  the  GaAs  layers 
by  the  modulating  signal  produces  large 
changes  of  carrier  density  in  the  quantum 
wells.  The  carrier  confinement  and  the  low 
density  of  two-dimensional  states  in  the 
quantum  wells  lead  to  large  shifts  in  the 
absorption  edge  of  the  quantum  wells  (EQ). 
Therefore,  light  is  modulated  by  selecting 
its  photon  energy  in  the  range  over  which 
EQ  shifts. 

The  integration  and  relaxation  time  is  af- 
fected by  tunneling  through  the  space- 
charge  barriers.  The  quantum  tunneling 
characteristics  would  be  adjusted  in  fabri- 
cation by  control  of  the  thicknesses  and 
doping  of  the  layers.  For  example,  at  a 
given  n-doped  GaAs  layer  thickness,  the 
barrier-tunneling  time  can  be  increased  (to 
achieve  longer  integration  time)  by  con- 
centrating the  dopant  near  the  middle  of 
each  layer. 

Overall,  the  compositions  and  thick- 
nesses of  the  layers  would  be  chosen  to 
enhance  the  effect  of  the  modulating  light 
beam  on  the  modulated  light  beam.  Thus,  it 
is  expected  that  the  sensitivity  to  modula- 
tion will  be  high,  even  though  the  number  of 
layers  must  be  limited  by  the  penetration 
depth. 

This  work  was  done  by  Joseph  Maserjian 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
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Alternating,  Semitransparent  Semiconductor  Layers  contain  space-charge  barriers  that 
form  quantum  wells.  The  modulating  light  (with  photon  energy  greater  than  the  semiconduc- 
tor band  gap)  induces  photovoltaic  action,  which  affects  the  transmission  of  the  modulated 
light  (having  photon  energy  less  than  the  band  gap). 
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Review  of  Fiber-Optic 
Electric-Field  Sensors 

Piezoactive  plastics  stress 
glass  fibers,  causing 
phase  shifts. 

A  tutorial  paper  reviews  the  state  of  the 
art  in  fiber-optic  sensors  of  alternating 
electric  fields.  Because  such  sensors  are 
made  entirely  of  dielectric  materials,  they 
are  relatively  transparent  to  incident  elec- 
tric fields;  that  is,  they  do  not  distort  the 
fields  significantly. 

To  form  a  sensor,  a  piezoactive  plastic  is 
bonded  to  a  single-mode  cylindrical  glass 
fiber  approximately  100  \xn  in  diameter. 
The  reviewed  configurations  include  a  fi- 
ber bonded  to  the  face  of  a  plastic  ribbon,  a 
fiber  embedded  in  a  plastic  ribbon,  and  a  fi- 
ber concentrically  jacketed  by  the  plastic. 
The  thickness  of  the  plastic  ribbon  or  jacket 
can  rangef  rom  25 to  100  \xrr\.  The  sensor  is 
used  as  one  arm  of  a  Mach-Zehnder  inter- 
ferometer. 

To  achieve  high  sensitivity,  the  plastic 
used  in  the  sensor  must  be  permanently 
polarized  (poled).  The  changes  in  polariza- 
tion induced  in  the  piezoactive  plastic  by 


the  applied  electric  field  result  in  stresses 
on  the  fiber.  The  resulting  strains  in  the  fiber 
cause  optical  phase  shifts  that  are  meas- 
ured with  the  interferometer.  Assuming  a 
fiber  1  km  in  length  and  a  phase-shift-de- 
tection threshold  of  10-6  radian,  the  mini- 
mum detectable  electric  field  alternating  at 
a  frequency  of  about  1  kHz  ranges  from  43 
to  330  fiV/m,  the  exact  value  depending  on 
the  configuration  in  use. 

The  paper  presents  equations  that  ex- 
press the  relationships  among  stress, 
strain,  and  the  electric  field  in  a  piezoactive 
plastic  and  equations  for  the  phase  shift  in 
terms  of  the  photoelastic  coefficients  and 
strains  in  an  optical  fiber.  A  table  lists 
piezoelectric  coefficients  for  three  plas- 
tics: oriented  poly(vinilidene  fluoride) 
(PVF2),  a  copolymer  of  PVF2with  tetrafluo- 
roethylene,  and  a  copolymer  of  PVF2  with 
trifluoroethylene.  The  latter  copolymer  is 
particularly  interesting  in  that  it  can  be 


poled  to  a  state  of  high  piezoactivity  with- 
out such  additional  processing  as  mechan- 
ical stretching. 

Sensors  made  with  transversely-poled 
cylindrical  plastic  jackets  are  particularly 
interesting  and  potentially  useful  because 
they  are  compact  and  light  in  weight.  The 
useful  sensitivity  of  such  sensors  is  ex- 
pected to  extend  to  frequencies  of  several 
hundred  megahertz.  The  peaks  and  valleys 
in  the  sensitivity  of  this  kind  of  sensor  as  a 
function  of  frequency  have  been  projected 
on  the  basis  of  previous  theoretical  and  ex- 
perimental studies  of  axial  and  radial  me- 
chanical resonances  and  damping  in  the 
jacket  and  core  materials. 

This  work  was  done  by  Ramon  P.  De 
Paula  of  Caltech  and  Jacek  Jarzynski  of 
Georgia  Institute  of  Technology  for 
NASA's  Jet  Propulsion  Laboratory. 
"Fiber  Optic  Electric  Field  Sensor 
Technology. " 
NPO-17242/TN 
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Signal  Preprocessor  for  Laser-Fringe  Anemometers 

Added  control  and  filtering  functions  enhance  the  collection  of  data. 


A  signal-preprocessing  unit  that  con- 
tains digital  and  analog  circuitry  is  added  to 
the  existing  equipment  in  a  laser-fringe 
anemometer  system  to  filter  the  raw  ane- 
mometer signal  and  relieve  the  researcher 
of  some  tedious  and  difficult  control  func- 
tions. The  preprocessor  operates  under 
the  control  of  the  same  digital  computer 
that  acquires  the  measurement  data.  Both 
automatically  and  in  response  to  control 
settings  applied  manually  by  the  research- 
er, the  preprocessor  helps  the  system  to 
establish  the  conditions  that  produce  sig- 
nals of  the  highest  quality. 

In  a  laser-fringe  anemometer,  the  veloci- 
ty of  flow  is  measured  by  a  photomultiplier, 
which  detects  light  scattered  from  seed 
particles  in  the  flow  as  they  pass  through 
the  interference  fringes  of  intersecting 
laser  beams.  Typically,  the  raw  photomulti- 
plier output  signal  is  fed  to  a  counter/proc- 
essor, which  measures  the  times  of  flight 
and  times  between  arrivals  of  particles, 
and  transmits  these  data  to  the  computer. 
Heretofore,  the  researcher  has  had  to 
make  and  record  gain  and  filter  settings 
manually  while  controlling  the  seed  gener- 
ator and  other  equipment;  in  addition  to 
being  time-consuming,  the  manual  per- 
formance of  these  tasks  often  results  in  in- 
correct settings  and,  consequently,  invalid 
data. 

The  new  preprocessor  is  placed  in  the 
signal-flow  path  between  the  photomulti- 
plier and  the  counter/processor  (see  fig- 
ure). It  enables  the  computer  to  control  the 
high-  and  low-pass  filter  settings,  the  gain, 
the  photomultiplier  voltage,  the  seed  gen- 
erator, and  the  flow  of  data  across  the  di- 
rect-memory-access interface  between 
the  preprocessor  and  the  computer.  Through 
the  preprocessor,  the  computer  can  also 
control  the  "hand-shaking"  signals  for  the 
interface  between  itself  and  the  count- 
er/processor. 

The  preprocessor  first  separates  the  dc 
component  from  the  ac  component  of  the 
raw  photomultiplier  output,  filters  the  re- 
maining ac  component  under  computer  con- 
trol to  reduce  noise,  then  amplifies  this 
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The  Signal  Preprocessor  operates  under  computer  or  manual  control  to  filter  the  raw 
photomultiplier  signal  optimally. 


component  to  a  level  acceptable  for  use  by 
the  counter/processor.  Both  the  computer 
(through  an  analog  input  channel)  and  the 
researcher  (through  meters  and  alarms) 
can  monitor  the  dc  portion  of  the  photomul- 
tiplier signal  to  ensure  that  it  remains  below 
the  maximum  allowable  level. 

Using  computer  control  of  the  various 
functions  of  the  preprocessor,  the  re- 
searcher can  monitor  the  effects  of  filters 
and  gain  on  the  quality  of  the  signal.  The  re- 
searcher can  change  the  settings  quickly, 
without  having  to  record  them  manually. 

The  design  of  the  preprocessor  allows 
for  improvement  and  expansion:  Algo- 
rithms could  be  developed  to  optimize  the 
laser  signal  as  a  function  of  the  filter  set- 
tings and  to  determine  the  effects  of  the 


laser  power,  photomultiplier  voltage,  and 
signal  gain  on  the  resulting  laser  signal. 
The  control  of  the  laser  power  would  re- 
quire additional  circuitry  similar  to  that 
used  to  control  the  photomultiplier  voltage. 

This  work  was  done  by  Lawrence  G. 
Oberle  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA  TM- 
88982[N87-20516],  Price  Code:  A03  "A 
Computer  Controlled  Signal  Preprocessor 
for  Laser  Fringe  Anemometer  Applica- 
tions." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14663/TN 
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Strain-Layer-Superlattice  Light  Modulator 

One  light  beam  would  control  another. 


A  conceptual  device  would  combine 
resonant  reflection  and  photovoltaic  action 
to  enable  one  light  beam  to  impose  spatial 
and  temporal  modulation  on  another  light 
beam.  Such  a  spatial  light  modulator,  with 
its  high  speed  and  multiplicity  of  parallel 
signal  channels,  could  be  used  in  image 
processing  or  similar  computation  re- 
quiring high  data-throughput  rates. 

The  device  would  be  made  of  layers  of 
n+  GaAs  alternated  with  strain-layer-su- 
perlattice  layers  of  InAs/GaAs  (see  figure). 
Recent  advances  in  molecular-beam  epi- 
taxy have  made  it  possible  to  grow  such 
semiconductor  microstructures,  with  a  lat- 
tice mismatch  of  more  than  7  percent  be- 
tween the  InAs  and  GaAs  layers.  If  the 
thickness  of  each  InAs  layer  is  made  5  nm 
or  less,  the  strain  due  to  the  mismatch  can 
be  confined  mostly  to  the  InAs,  giving  rise 
to  a  strong  tetragonal  distortion  without 
forming  misfit  dislocations.  This  strain 
strongly  modifies  the  electronic-energy- 
band  structure  and  has  been  predicted  to 
lead  to  enhanced  electro-optical  effects 
when  grown  on<  111>  oriented  substrates. 

The  thickness  of  each  n+  GaAs  layer 
and  each  superlattice  layer  would  be  made 
a  quarter  of  the  wavelength  of  the  light  to 
be  modulated  (the  "reading"  signal).  This 
wavelength  would  be  chosen  to  corres- 
pond to  a  photon  energy  slightly  less  than 
the  band  gap  of  the  strain-layer  superlat- 
tice so  that  the  change  of  index  of  refrac- 
tion (electro-optic  effect)  would  be  large 
and  the  absorption  of  the  read  signal  would 
be  low.  Each  pair  of  quarter-wave  layers 
would  contribute  to  the  resonant  reflection 
of  the  reading  light,  reinforced  by  the  reso- 
nant reflection  from  the  other  pairs  of 
layers. 

The  device  would  also  be  illuminated  by 
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Microstructures  of  GaAs  and  InAs  with  multiple  quantum  wells  and  compositional  superlat- 
tices  would  be  grown  by  molecular-beam  epitaxy.  The  enhanced  electro-optical  properties  of 
this  arrangement  of  alternating  layers  would  enable  the  writing  light  beam  to  modulate  the 
reading  light  beam. 


the  modulating  light  beam  (the  "writing" 
signal).  The  photon  energy  of  this  beam 
would  be  chosen  to  be  greater  than  the 
GaAs  band  gap  so  that  these  photons 
could  generate  photocurrents  at  the  bound- 
aries of  the  quarter-wave  layers.  Changes 
in  ref region  induced  by  the  photocarriers 
would  cnange  the  index  of  refraction  and 
thus  the  optical  path  lengths  in  the  layers 
and  would  thereby  modulate  the  resonant 
reflection  of  the  reading  signal. 

This  work  was  done  by  Joseph  Maserjian 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory 
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Synthetic  Estimation  Filters  for  Determination  of  Position 

The  position  and  orientation  of  a  target  would  be  determined  by  optical  correlation. 


The  concept  of  the  synthetic  estimation 
filter  (SEF)  has  been  proposed  to  extend 
the  concept  of  the  matched  filter  from 
mere  recognition  of  an  object  to  recogni- 
tion of  its  position  and  orientation  relative  to 
the  observing  apparatus.  An  optical  filter  of 
this  general  type  is  correlated  with  an  input 
image  to  obtain  a  signal  indicative  of  the 
match  between  the  input  and  filter  images. 
The  operation  of  the  SEF  depends  on  a 
property  that  is  a  disadvantage  in  a  matched 
filter  designed  solely  for  recognition:  Such 
a  filter  works  only  when  the  input  image  is 
oriented,  sized,  and  positioned  identically 
to  the  filter  image.  The  correlation  signal 
falls  rapidly  when  the  object  in  the  input  im- 
age is  rotated  and/or  made  to  approach  or 
recede  from  the  orientation  and/or  position 
represented  in  the  matched  filter. 

The  following  is  the  procedure  for  gener- 
ation of  an  SEF  that  can  be  used  to  esti- 
mate the  position  and/or  orientation  of  an 
object  with  respect  to  one  or  more  param- 


eters); e.g.,  distance,  rotation  about  the 
line  of  sight,  or  rotation  about  a  line  in  the 
plane  of  the  image. 

1 .  Generate  a  set  of  matched  filters  Mk  = 
[F{l$\*  from  Fourier  transforms  Fof  input 
images  lk  of  the  target  taken  at  a  suffi- 
ciently large  number  of  positions  k  that 
cover  the  range  of  interest  with  the  de- 
sired resolution. 

2.  Convert  each  matched  filter  Mk  to  a  filter 
M'k  of  the  type  (e.g.,  a  phase-only  filter) 
required  by  the  optical  correlator. 

3.  Using  the  k\h  matched  filter,  determine 
the  maximum  response  of  the  correlator 
to  the  /th  input  image.  Repeat  for  all  /'  and 
k  to  generate  the  matrix 

Alk  =  max[F-1{M;*F{/,}}] 

4.  Invert  the  matrix  Ajk. 

5.  Specify  a  vector  D  =  {D,},  which  is  the 
desired  response  of  the  correlator  for  the 
set  of  input  images  /,, 

6.  Calculate  the  vector  B  =  {BJ,  which  is 


the  synthetic-filter  coefficient,  using  B  = 
A-1D. 

7.  Form  the  SEF,  which  is  a  composite  set  of 
matched  filters,  from  the  sum 

SEF  =1/3^ 

k 

8.  If  required,  convert  the  matched  SEF  to  a 
filter  SEF'  of  the  type  required  by  the  op- 
tical correlator.  For  example,  if  a  phase- 
only  filter  is  required,  then  SEF'  = 
SEF/|SEF|. 

The  set  SEF'  can  be  used  to  estimate 
the  range  and  orientation  of  the  target  by 
looking  at  two  views  corresponding  to  posi- 
tions on  each  side  of  that  of  the  input  im- 
age. Using  the  expression  for  D,  inter- 
polate the  position  and/or  orientation  from 
the  distances  to  the  two  affected  views  in 
the  SEF'. 

This  work  was  done  by  Richard  D.  Juday 
of  Johnson  Space  Center  and  Stanley  E. 
Monroe,  Jr.,  of  Lockheed/EMSCO. 
MSC-21418fTN 
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Utilizing  Transverse  Electromagnetic  (TEM)  Cells 


Transverse  electromagnetic  (TEM)  cells  are  used  widely  to  establish  a  known  electromagnetic  field 
for  susceptibility  testing  and  antenna  calibrations.    A  recent  NIST  publication  offers  theoretical 
information  and  some  practical  tips  for  using  TEM  cells.   The  report  addresses  mechanical 
requirements  for  positioning  the  test  equipment  inside  the  cell,  problems  associated  with  cables, 
single-frequency  and  multi-frequency  measurements,  and  use  of  a  computer  system  for  automated 
measurements. 

FOR  ADDITIONAL  INFORMATION:  Theory  and  Measurements  of  Radiated  Emissions  Using  a  TEM  Cell 
(NIST  TN   1326)  is  available  from  NTIS,  Springfield  VA  22161;  (703)487-4600. 
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Detector  for  FM  Voice  or  Digital  Signals 

A  simple  switching  arrangement  enables  the  selection  of  one  or  the  other. 


A  proposed  frequency-modulation  (FM) 
detector  would  operate  with  either  analog 
audio  (usually  voice)  signals  or  digital 
signals  sent  by  differential  minimum-shift 
keying  (DMSK).  Its  performance  is  expect- 
ed to  be  similar  to  that  of  conventional  lim- 
iter/discriminator  FM  detectors.  The  detec- 
tor could  operate  at  baseband,  obviating 
the  need  for  band-pass  filtering  at  the  in- 
termediate frequency.  A  baseband  version 
could  be  made  in  a  very-large-scale  inte- 
grated circuit.  The  new  detector  would  be 
useful  in  mobile  communications,  where 
the  trend  is  toward  integrated  voice  and 
data  service. 

In  many  respects,  the  detector  (see 
figure)  resembles  a  conventional  1-bit- 
period  detector  for  DMSK  signals,  and  it 
functions  as  such  when  the  switches  are  in 
the  "data"  position.  With  adjustment  of  the 
total  delay,  D,  the  detector  can  also  be 
used  for  non-MSK  digital  signals.  The  de- 
tector can  be  equipped  with  automatic  fre- 
quency control  like  that  used  for  the  recep- 
tion of  MSK  signals. 

Suppose  that  the  input  signal  is  modulat- 
ed in  frequency  by  Ks(t),  where  K  is  the  FM 
constant,  s(t)  denotes  the  audio  signal,  and 
t  is  time.  If  the  relative  change  in  s(t)  is  small 
during  the  delay  D  and  if  [KD  x  (the  maxi- 
mum value  of  |s(0|)]<n/1O,  then  the  low-fre- 
quency component  of  the  mixer  output  is  a 
replica  of  the  audio  signal.  In  a  representa- 
tive communication  system  in  which  the 
maximum  frequency  deviation  is  half  the 
speech  bandwidth  of  about  3  kHz,  D  can 
be  about  0.03  ms  or  less. 

The  noise  performance  of  the  detector 
has  been  estimated,  assuming  both  ampli- 
tude noise  and  Gaussian  phase  noise.  The 
resulting  signal-to-noise  ratio  is  identical  to 
that  for  the  limiter/discriminator  detection 
of  speech. 

In  an  example  of  design  for  a  voice/data 
receiver,  it  was  assumed  that  the  voice 
bandwidth  is  3.5  kHz  and  the  digital  trans- 
mission rate  is  9.6  kb/s.  With  a  modulation 
index  of  0.5,  the  optimum  bandwidth  of  the 
receiver  is  approximately  equal  to  the  bit 
rate.  However,  in  practice  it  is  advanta- 


Loudspeaker. 


Input 


Band-Pass 
Filter 


Phase  Shift 
n/2  Radians 


Total  Delay  =  D 


Dl 


•-*■ 


D2 


Voice 


I       Data 


Data 

Zonal 

Filter 

1' 

Hard 

Oor  1 

Decision 

This  Frequency-Modulation  Detector  would  demodulate  analog  (voice)  or  binary  data  sig- 
nals. The  switches  would  select  the  operating  mode  according  to  the  bandwidths  and  other 
properties  of  the  two  types  of  modulation. 


geous  to  select  a  slightly  larger  bandwidth 
of  10  to  11  kHz.  The  delay  for  voice 
(D  =  D ,)  is  about  0.03  ms  or  less;  the  delay 
for  data  (D  =  D^+D2)  is  about  0.1  ms.  The 
pull-in  frequency  range  of  the  automatic 
frequency  control  of  this  receiver  is  about 
1.2  kHz. 

This  work  was  done  by  Faramaz 
Bavarian  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  the  commercial  use  of  this  invention 
should  be  addressed  to 

Edward  Ansell 


Director  of  Patents  and  Licensing 
Mail  Stop  305-6 

California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NPO-16788/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Spectrum-Modulating  Fiber-Optic  Sensors 

Susceptibility  to  variations  in  transmissivity  is  reduced. 


A  family  of  spectrum-modulating  fiber- 
optic sensors  is  undergoing  development 
for  use  in  aircraft-engine  control  systems. 
Fiber-optic  sensors  offer  the  advantages  of 
small  size,  high  bandwidth,  immunity  to 
electromagnetic  interference,  and  light 
weight.  Furthermore,  they  reduce  the  num. 
ber  of  locations  on  the  aircraft  to  which 
electrical  power  has  to  be  supplied. 

The  development  of  spectrum-modulat- 
ing fiber-optic  sensors  is  prompted  by  the 
high  sensitivity  of  simple  intensity-modulat- 
ing sensors  to  changes  in  the  transmissivi- 
ty of  the  fiber-optic  link.  Transmissivity 
changes  of  several  tens  of  percent  can  be 
caused  by  simply  remating  the  connectors 
of  the  fiber-link.  Replacement  or  repair  of 
the  components  of  the  fiber-link  as  well  as 
various  types  of  environmental  effects  can 
also  produce  large  transmissivity  changes. 

In  a  spectrum-modulating  sensor,  dif- 
ferent wavelengths  of  light  are  modulated 
by  different  amounts  as  a  function  of  the 
measured  variable  so  that  the  valve  of  the 
measured  variable  can  be  inferred  from 
ratios  of  intensities  at  these  wavelengths. 
Because  the  transmissivity  of  a  fiber-optic 
link  is  largely  insensitive  to  wavelength  (for 
wavelengths  that  are  sufficiently  close  to- 
gether), the  ratios  are  nearly  link-independ- 
ent. 

In  one  particularly-effective  spectrum- 
modulation  method,  a  binary  representa- 
tion of  the  measured  variable  is  encoded 
onto  the  output  spectrum  of  the  sensor  via 
the  presence  or  absence  of  light  in  a  num- 
ber of  adjacent  wavelength  channels  (see 
Figure  1).  The  resolution  of  this  digital 
transducer  is  2N,  where  N  is  the  number  of 
channels  or  bits. 

In  a  spectrum-modulating  position  en- 
coder, shown  in  Figure  2,  broadband  light 
from  an  LED  is  dispersed  by  a  grating  and 
graded-index  lens  across  the  channels  of  a 
reflective  code  plate.  For  an  N-bit  encoder, 
the  normally  absorptive  code  plate  con- 
tains a  number  of  reflective  regions  that 
are  arranged  in  N  parallel  channels  in  a 


manner  that  provides  a  digital  representa- 
tion of  the  position  of  the  code  plate.  The 
presence  (or  absence)  of  a  reflective  re- 
gion at  the  illuminated  portion  of  a  particu- 
lar channel  indicates  that  the  bit  corre- 
sponding to  that  channel  is  a  one  (or  a 
zero).  Only  those  wavelengths  of  light  that 
are  directed  to  a  channel  in  the  "one"  state 
are  reflected  back  through  the  lens  and 
grating  into  the  output  fiber.  The  output  light 
of  the  sensor  is  analyzed  using  a  second 
grating  and  lens  in  combination  with  a 
photodiode  array.  A  reference  channel, 
that  is  always  "one"  enables  the  receiver 
to  compensate  for  changes  in  the  trans- 
missivity of  the  fiber  link,  thus  providing  an 
extremely  high  degree  of  link-independ- 
ence. 

This  work  was  done  by  Glenn  Beheim  of 
Lewis  Research  Center  and  Klaus 
Fritsch  of  John  Carroll  University.  Further 
information  may  be  found  in  NASA  TM- 
88968  [N87-17700],   Price  Code:  A02 


-20 


750 


800 


850 


900 


Wavelength,  nm 


Figure  1.  For  a  spectrum-modulating  sen- 
sor having  a  digital  output,  the  Value  of 
Each  Bit  is  determined  by  the  intensity  of 
light  at  a  corresponding  wavelength  chan- 
nel. 

'  'Spectrum-Modulating  Fiber-Optic 
Sensors  for  Aircraft  Control  Systems." 
Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14662/TN 
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Figure  2.  A  Spectrum-Modulating  Position  Encoder  uses  a  grating  and  lens  to  direct  a  differ- 
ent wavelength  onto  each  channel  of  a  reflective  code  plate. 
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Buildings  Research  Making  Solar  Homes  More 
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(B)  With  absorber 


A  system  of  solar  energy  absorbers  on  windows  localizes  the  heating  of  building  air  (B).  enhances  the 
collection,  storage,  and  transport  of  solar  gains,  and  reduces  reflective  losses  (A) 


Much  of  the  solar  energy  that  enters 
a  building  through  its  windows  is  lost  by 
being  reflected  back  out  through  those 
same  windows.  To  reduce  that  loss, 
SERI  researchers  are  exploring  absorb- 
ing materials  and  airflow  systems  that  will 
make  better  use  of  that  free  energy. 

According  to  Ren  Anderson,  staff 
engineer  in  SERI's  Buildings  Research 
Branch,  space  heating  accounts  for 
16.5°o  of  the  total  energy  used  in  the 
United  Stales  each  year.  A  significant 
fraction  of  that  heating  can  be  provided 
by  the  proper  collection,  transportation, 
and  storage  of  the  solar  energy  entering 
the  home's  windows. 

"Because  sunlight  fades  pictures  and 
furniture  and  produces  glare."  said 
Anderson,  "people  reject  much  of  that 
solar  energy  with  curtains,  drapes,  and 
shades.  Our  research  seeks  an  absorbent 
material  for  use  in  windows  or  con- 
trollable shades  to  collect  the  solar  gains, 
localize  the  point  at  which  the  incoming 
energy  is  converted  to  heated  air.  and 
reduce  reflective  losses." 


Localized  collection  of  solar  heat  alters 
natural  convection  patterns,  allowing  air 
to  be  heated  at  the  collection  point  and 
increasing  airflows  to  interior  areas  of  the 
building. 

These  improvements  in  collection  and 
distribution  can  increase  the  net  capture 
of  solar  energy  during  the  heating 
season  by  50%.  and  reduce  the  temper- 
ature differences  between  the  areas  adja- 
cent to  the  windows  and  interior  areas  by 
the  same  percentage. 

To  be  acceptable,  absorbent  shades 
have  to  provide  visual  access  to  the  out- 
side and  allow  use  of  daylighting  while 
providing  privacy  and  reducing  glare. 

By  coupling  them  with  reflective  and 
insulating  materials,  they  can  provide 
year-round  control  of  window  energy 
flows. 


Contact:  Dr.  Ren  Anderson 
(303)  231-1756 
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Inlet  Vane  Control  Saves  Dollars 

Outlet  Dampers  Pay  for  Themselves 


Boiler  fans  can  be  controlled 
by  either  inlet  vanes  or  dampers, 
outlet  dampers,  or  by  using  both 
fan  inlet  and  outlet  control. 
Instead  of  using  outlet  control, 
use  the  more  efficient  fan  inlet 
control  as  much  as  possible. 
Because  of  reduced  power  costs, 
outlet  dampers  pay  for 
themselves  in  the  long  run. 

Most  fans  are  oversized  as  a 
matter  of  design  practice. 
Typical  sizing  criteria  are  120 
percent  of  maximum  capacity 
and  144  percent  of  uncertainties 
in  design  and  operating 
conditions.  As  a  result,  often  the 
fan  has  to  be  throttled  back 
considerably  to  obtain  the 
required  flow  at  the  actual 
operating  conditions.  When 
outlet  damper  control  is  used, 
flow  is  cut  back  by  closing  the 
damper  and  increasing  the 
system  pressure  drop.  This 
results  in  a  substantial  waste  in 
power,  especially  at  lower  loads. 

On  the  other  hand,  when  fan 
inlet  control  is  used,  the  fan 
discharge  pressure  is  reduced  as 
the  flow  is  reduced.    As  the  inlet 


vanes  or  dampers  close,  the  fan 
curve  is  changed  similar  to  a 
reduction  in  fan  speed  because 
the  inlet  vanes  give  the  entering 
air  a  spin  in  the  direction  of  the 
wheel  rotation.  The  result  is 
lower  fan  horsepower  for  the 
same  air  flow  when  compared  to 
a  fan  with  outlet  damper  control. 
The  fan  supplier  provides 
the  inlet  vanes  or  dampers. 
Induced  draft  fan  inlet  vanes  or 
dampers  should  have  linkages 
that  can  be  lubricated  from  the 
outside  without  having  to 
disassemble  the  ductwork. 
Linkage  lubrication  is  usually 
not  a  problem  for  forced  draft 
f  a  n  s . 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  140405/TN 
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Wave-Powered  Buoy  Generator  Being  Investigated 


Many  oceanographic  devices 
are  stationed  for  long  periods  at 
fixed  locations  in  the  ocean  to 
monitor  various  ocean  conditions 
such  as  temperature,  acoustics,  or 
current.  Electrical  power  can  be 
provided  by  energy  storage  de- 
vices, self-contained  power  sup- 
plies, or  power  from  a  ship, 
submarine,  or  shore-based  gener- 
ating source.  A  wave-powered 
buoy  generator,  designed  to  be 
placed  in  the  ocean,  could  operate 
for  long  periods  without 
maintenance. 

Scientists  at  the  Naval  Ocean 
Systems  Center  (NOSC),  San 
Diego,  California,  are  investi- 
gating a  wave-powered  buoy 
generator  that  includes  a  hollow 
buoy.  The  buoy  would  be 
spherical  with  one  or  more 
windings,  each  having  a  pair  of 
ends,  mounted  to  the  buoy 
parallel    to    its    surface.       A 


magnetized  device  (preferably  a 
ball)  located  within  the  buoy 
would  roll  back  and  forth.  A 
device  for  rectifying  current  flow 
would  be  connected  to  the  ends  of 
the  windings.  With  this  arrange- 
ment, the  buoy  would  be  moored 
in  water  and,  when  there  is  wave 
motion,  the  flux  lines  of  the 
magnetized  ball  would  cut  the 
one  or  more  windings  to  produce 
electrical  current  through  the 
rectifying  device.  Further  tests 
are  ongoing. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  140403/TN 
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Phase-Change  Heat-Storage  Module 

Momentary  heating  or  cooling  overloads  could  be  accommodated. 


A  proposed  heat-storage  module  would 
accommodate  a  momentary  heating  or 
cooling  overload  in  a  pumped-liquid  heat- 
transfer  system.  The  large  heat-storage  ca- 
pacity of  the  module  would  be  provided  by 
the  heat  of  fusion  of  a  material  that  freezes 
at  or  near  the  temperature  at  which  it  is  de- 
sired to  maintain  the  object  that  is  to  be 
heated  or  cooled. 

Conventionally,  a  heating  or  cooling  load 
that  varies  widely  is  accommodated  by 
choosing  the  size  of  equipment  to  carry  the 
peak  load.  Therefore,  conventional  heating 
and  cooling  equipment  tends  to  be  over- 
sized for  most  of  the  operating  cycle,  with 
consequent  higher  cost  and  lower  efficien- 
cy than  could  be  obtained  by  designing  for 
operation  at  an  average  load.  The  incorpo- 
ration of  the  proposed  module  involves  rel- 
atively small  penalties  in  weight,  cost,  and 
size  and  more  than  compensates  by  ena- 
bling the  design  of  the  rest  of  the  system  to 
handle  only  the  average  load. 

The  module  (see  figure)  could  include  a 
heat-exchanger  coil  through  which  the 
heat-transfer  fluid  would  flow  and  which 
would  conduct  heat  between  the  heat-trans- 
fer fluid  and  the  phase-change  material. 
Alternatively,  the  phase-change  material 
could  be  encapsulated,  and  the  heat-trans- 
fer fluid  could  flow  throughout  the  volume 
of  the  module  in  the  spaces  between  the 
capsules,  providing  very  efficient  heat 
transfer  into  the  phase  change  material. 

The  heat-transfer  fluid  could  be  a  single- 
phase  liquid,  or  it  could  contain  a  phase- 
change  material  in  microscopic  capsules 
for  enhanced  heat-storage  capacity.  In  the 
latter  case,  more  heat  could  be  transferred 
with  less  of  a  difference  in  temperature 
between  the  source  and  the  sink  of  heat 
and  with  less  pumping  than  in  the  case  of  a 
single-phase  fluid. 

This  work  was  done  by  James  C. 
Mulligan  of  Triangle  Research  and  Devel- 
opment Corp.  for  Marshall  Space  Flight 
Center. 
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FLUID  FLOWING  BETWEEN  CAPSULES 
CONTAINING  PHASE-CHANGE  MATERIAL 

The  Latent  Heat  of  Fusion  of  a  phase-change  material  would  provide  large  heat-storage  ca- 
pacity in  a  small  volume. 


Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center.  Refer  to  MFS- 
26071 /TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Strong,  Low-Resistance  Bonds  for  AMTEC  Electrodes 

The  heat  of  an  operating  cell  helps  form  the  contacts. 


Strong,  low-electrical-resistance  con- 
tacts between  the  elements  of  a  current-col- 
lection grid  in  an  alkali-metal  thermoelec- 
tric converter  (AMTEC)  cell  are  obtained  by 
simple  in-place  thermocompression  bond- 
ing. The  bonds  are  formed  between  the 
porous  electrode  of  molybdenum  film,  the 
nickel  or  cobalt  strips  that  overlie  the  film, 
and  the  molybdenum  tie  wires  that  run  at 
right  angles  to  the  strips. 

The  elements  are  assembled  on  a  sodi- 
um ft"  alumina  ceramic  substrate.  When 
the  assembly  is  exposed  to  the  tempera- 
ture of  an  operating  AMTEC  cell,  typically 
in  excess  of  1,000  K,  the  elements  diffuse 
and  bond  together  at  their  junctions  under 
the  combination  of  heat  and  pressure  creat- 


ed by  the  differing  coefficients  of  thermal 
expansions  of  the  materials.  The  contact 
between  the  nickel  grid  and  the  molybde- 
num current  lead  is  strong  but  contributes 
resistance  of  less  than  10  milliohms  for  a 
1  -cm2  electrode.  The  contact  between  the 
nickel  grid  and  the  porous  electrode  is  also 
quite  strong  but  contributes  a  higher  resis- 
tance, approximately  100  milliohms  for  a 
1  -cm2  electrode,  depending  on  the  compo- 
sition and  morphology  of  the  electrode. 
The  bonding  method  also  works  on  films  of 
tungsten  or  tungsten/platinum. 

This  work  was  done  by  Roger  M. 
Williams,  Bob  L.  Wheeler,  Barbara  Jeffries- 
Nakamura,  C.  Perry  Bankston,  Terry  Cole, 
and  Maria  Loveland  of  Caltech  for  NASA's 


Jet  Propulsion  Laboratory 
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Pasadena,  CA  91125 
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Jet  Propulsion  Lab. 
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Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
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Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
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L  Chalfin 
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4800  Oak  Grove  Drive 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Development  of  an  Inexpensive  CSE  SCSR  Simulator 
for  Use  in  Self-Contained  Self-Rescurer  Training 


Objective 

Lower  costs  associated  with  hands-on 
training  in  donning  and  using  a  CSE 
self-contained  self-rescuer  (SCSR). 


Background 

In  June  1987,  the  Mine  Safety  and 
Health  Administration  (MSHA)  is- 
sued an  Emergency  Temporary  Stan- 
dard (ETS)  requiring  that  all  persons 
entering  underground  coal  mines 
must  be  given  hands-on  SCSR  train- 
ing. The  ETS  will  shortly  be  replaced 
by  a  new  standard  requiring  this 
hands-on  training.  Bureau  of  Mines 
research  has  shown  that  the  most  ef- 
fective means  of  delivering  this  train- 
ing is  to  have  the  trainee  go  through  a 
six-step  training  procedure  while  in  a 
kneeling  position.  Once  the  miner  has 
looped  the  neckstrap  over  his  or  her 
head,  he  or  she  completes  the  donning 
sequence  in  this  order:  1)  activate  oxy- 
gen; 2)  insert  mouthpiece;  3)  put  on 
nose  clips;  4)  put  on  goggles;  5)  adjust 
neck  and  waist  straps;  and  6)  replace 
miner's  cap  and  prepare  to  move  out. 
This  procedure  is  repeated  until  the 
miner  demonstrates  that  he  or  she  is 
proficient  at  the  task. 


Tubeless  auto 
tire  stem 


Oxygen 
cylinder  valve  • 


Oxygen 
cylinder 


Mouthpiece  and 
noseclip  assembly 


clamp 
release ) 


exchanger      RTV  or 

silicone  rubber 


Readily  available  components  make  up  the  inexpensive  training  simulator  for 
the  CSE  self-contained  self-rescuer. 


Bureau  of  Mines  research  has  further 
shown  that  there  are  no  shortcuts  to 
mastery- effective  training  requires 
thorough  and  consistent  practice  in 
the  in  the  complete  donning 
procedure,  including  insertion  of  the 
mouthpiece.  The  immediate  problem 
facing  the  industry,  therefore,  is  how 
to  provide  adequate  SCSR  training 
while  at  the  same  time  protecting 
miners  from  the  spread  of  infectious 
diseases.  The  use  of  one  or  two  stan- 
dard training  models  to  train  a  succes- 


sion of  miners  is  problematic  and 
time-consuming.  Fixed  mouthpiece 
assemblies  are  difficult  to  clean  prop- 
erly, and  the  apparatus  themselves  are 
difficult  to  repack.  Field  observations 
made  by  Bureau  of  Mines  personnel 
indicate  that  trainers,  in  their  attempts 
to  surmount  these  problems,  are  using 
such  strategies  as  the  following:  1) 
quickly  dipping  mouthpieces  in  alco- 
hol between  donning  trials,  or  having 
miners  merely  simulate  insertion  of 
the  mouthpiece  and  nose  clips;  and  2) 
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eliminating  obstacles  to  repacking 
such  as  gasket  seals,  or  giving  their 
trainees  SCSR's  that  have  already 
been  opened  and  not  repacked.  No 
combination  of  these  strategies  repre- 
sents an  optimum  solution  to  the 
problem  of  safely  and  effectively 
teaching  what  has  proven  to  be  a 
complex  and  easily  forgotten  motor 
task. 


Approach 

Design  a  simple,  durable,  hygienic  and 
inexpensive  SCSR  training  model  that 
can  be  used  to  provide  hands-on  prac- 
tice in  situations  ranging  from  annual 
refresher  classes  to  underground  fire 
drills. 


How  It  Works 

As  part  of  its  investigation  into  ways  to 
facilitate  thorough  and  hygienic 
hands-on  practice,  the  Bureau  of 
Mines  has  developed  an  inexpensive 
prototype  training  model  which  simu- 
lates the  CSE  AU  9A1.  Built  from 
used  CSE  components  the  simulator 
can  be  constructed  for  less  than  $50. 
In  addition  to  its  low  cost,  this  device 
has  several  attractive  features  that 
serve  to  make  it  an  efficient  instruc- 
tional tool.  These  include: 

1.  Quick-release  hose  clamps— The 

addition  of  these  clamps  allows  entire 
mouthpiece  assemblies  to  be  changed 
in  seconds.  This  means  that  each 
trainee  may  be  provided  with  a  previ- 
ously disinfected  mouthpiece,  which 
can  be  installed  as  the  apparatus  is 
repacked.  It  is  then  possible  to  have 
the  miner  insert  the  mouthpiece  and 
put  on  the  nose  clips  (two  steps  where 
errors  commonly  occur)  while  main- 
taining acceptable  standards  of  hy- 
giene. 

2.  Modified  breathing  path-A 


hole  is  cut  in  the  heat  exchanger,  a  toy 
Super  Siren  is  inserted,  and  the  inside 
of  the  C02  canister  is  sealed  with 
RTV.  Modification  of  the  breathing 
path  allows  the  trainee  to  breathe 
outside  air  and  eliminates  the  neces- 
sity of  recharging  the  oxygen  bottle, 
sanitizing  the  breathing  bag,  and  peri- 
odically refilling  the  canister  with 
chemicals.  A  design  characteristic  of 
the  CSE,  however,  is  that  the  miner's 
first  breath  must  be  an  inhalation  with 
enough  force  to  open  the  oxygen 
demand  valve.  Therefore,  the  toy  si- 
ren was  included  to  provide  an  audible 
cue  as  to  whether  the  miner  is  inhaling 
properly  (with  enough  force  to  open 
the  demand  valve). 

3.  Modified  oxygen  bottle  assem- 
bly-The  pressure  reducing  valve  is 
removed  and  a  tubeless  tire  stem  (with 
its  valve  core  removed)  is  affixed. 
Removal  of  the  pressure  reducing 
valve,  along  with  other  components 
not  needed  for  donning  practice,  pro- 
vides more  room  for  repacking  the 
apparatus.  The  addition  of  a  valve 
stem  to  the  oxygen  bottle  allows  the 
trainer  to  put  a  few  pounds  of  air  into 
the  bottle  with  a  tire  pump.  Thus, 
when  the  oxygen  valve  is  opened  by  the 
trainee,  there  is  an  audible  hiss,  cueing 
the  miner  that  the  oxygen  has  been 
activated. 


For  More  Information 

A  booklet  has  been  prepared  that 
provides  step-by-step  instructions  for 
converting  a  CSE  AU  9A1  to  a  train- 
ing simulator.  It  is  available  free  of 
charge.  For  additional  information  or 
for  answers  to  technical  questions, 
please  contact  the  Bureau's  principal 
investigators  for  this  research,  Mr. 
Charles  Vaught  or  Mr.  Henry  Kellner, 
at  the  Bureau  of  Mines,  Pittsburgh 
Research  Center,  P.O.  Box  18070, 
Cochrans  Mill  Road,  Pittsburgh,  PA 
15236;  (412)  892-6830. 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Improved  Ventilation  Techniques  Reduce  Auger  Mining 
Dust  Levels 


Objective 


Reduce  the  dust  levels  to  which 
jacksetters  and  helpers  on  au- 
ger mining  sections  are  ex- 
posed by  identifying  viable, 
effective  methods  for  control- 
ling respirable  dust  on  these 
sections. 


Approach 

The  Bureau  of  Mines  con- 
ducted laboratory  tests  and 
respirable  dust  surveys  to  iden- 
tify the  factors  that  distinguish 
clean  auger  mining  operations 
from  dusty  ones. 


Study  Results 

Results  of  the  Bureau's  study 
revealed  that  ventilation  is  the 
most  important  element  of 
auger  mining  dust  control.  The 
four  most  important  venitila- 
tion  parameters  are  airflow, 
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DUAL  CURTAIN  SETBACKS,  ft 

Curtain  setbacks  affected  the  tracer  gas  levels  of  the  jacksetters  during  Bureau 

tests. 

curtain  configuration,  curtain 
setback,  and  curtain  installa- 
tion. 

1.  Airflow:  The  clean 
auger  mines  delivered  five 
times  as  much  air  to  the  face  as 
the  dusty  mines.  Section  air- 
flow can  be  maximized  by  re- 
ducing air  leakages  and  airway 
obstructions.  Implementing 
improved  stopping  construc- 
tion techniques  reduces  leak- 


ages. Brushed-on  mortar  con- 
taining fiber-glass  additives  is 
more  effective  than  trowelled- 
on  mortar.  Improved  stop- 
pings reduce  air  leakages  by  50 
pet  in  low  pressure  (<  2  in 
water  gauge)  areas,  and  94  pet 
in  high  pressure  ( >  5  in  water) 
areas.  Reducing  airway  ob- 
struction decreases  resistance 
to  airflow.  Mines  often  park 
large  equipment,  such  as  a 
scoop,  in  the  entries.    Storing 
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this  equipment  in  outby  cross- 
cuts effectively  reduces  resis- 
tance. Removing  material, 
such  as  posts,  from  the  areas 
between  the  ribs  and  curtains 
also  reduces  resistance. 

2.  Curtain  Configura- 
tion: A  dual  curtain  configura- 
tion (blowing  and  exhausting 
curtains)  is  essential.  Blowing 
ventilation  forces  air  across  the 
restricted  auger  mine  face. 
The  exhausting  curtain  keeps 
the  air  in  the  center  of  the 
heading  moving  toward  the 
face,  providing  or  better  dilu- 
tion of  dust  in  the  return 
jacksetter's  zone. 

3.  Curtain  Setback:  The 
dual  curtain  setbacks  should 
never  exceed  15  ft.  Tracer  gas 
was  used  to  simulate  dust  gen- 
eration on  a  full-scale  mock 
auger  mining  section.  The 
graph  shows  how  various  cur- 
tain setbacks  affected  tracer 
gas  concentrations  of  the  in- 
take and  return  jacksetters  at 
low  airflow.  A  15-ft  setback 
was  65  pet  more  effective  than 
a  20-ft  setback  (.30  vs  .85  pet) 
in  reducing  tracer  gas  concen- 
trations at  the  intake 
jacksetter's  position.  The  15-ft 
setback  was  40  pet  more  effec- 
tive than  a  20-ft  setback  (.90  vs 
1.50  pet)  at  the  return 
jacksetter's  position. 

4.  Curtain  Installa- 
tion: The  most  important  ele- 
ments of  curtain  installation 
are  maximizing  the  distance 
between  the  curtains  and  ribs, 
and  maintaining  tight  curtain- 


seals.  Curtains  can  be  installed 
at  least  5.5  ft  from  the  ribs  in  26 
ft  wide  entries.  Maximizing 
this  distance  minimizes  the 
velocity  head  loss.  Tight  cur- 
tain seals  keep  the  air  in  the 
entry  moving  toward  the  face. 
Setting  the  posts  between  the 
exhausting  curtain  and  rib 
forces  the  exhausting  curtain 
against  the  posts.  Placing  the 
blowing  curtain  betweenthe 
posts  and  rib  forces  the  blowing 
curtain  against  the  posts. 
Maintaining  curtain  overlap  at 
the  roof  and  floor  of  the  mine 
also  improves  the  curtain  seal. 
Laying  lumps  of  coal,  rocks,  or 
posts  on  the  curtainverlap  at 
the  floor  prevents  gaps  be- 
tween the  curtain  and  floor.  If 
the  roof  is  soft,  nailing  the  cur- 
tain to  the  roof  between  the 
timbers  reduces  curtain  sag.  If 
the  roof  is  hard,  setting  addi- 
tional posts  will  help  to  reduce 
curtain  sag. 

The  wet  auger  "through  the 
drum"  spray  system  is  60  pet 
more  effective  in  controlling 
respirable  dust  than  a  conven- 
tional spray  bar  system.  How- 
ever, good  ventilation  prac- 
tices are  even  more  effective  in 
controlling  respirable  dust.  A 
comparison    between       two 


mines  demonstrated  this  point. 


Although  Mine  1  used  a  con- 
ventional spray  bar  system, 
they  were  still  able  to  control 
respirable  dust  with  good  ven- 
tilation practices.  Mine  2  ne- 
glected ventilation  and  was 
unable  to  effectively  control 
respirable  dust  with  a  wet  au- 
ger spray  system. 


For  More 
Information 

Technology  News  #154  pro- 
vides details  on  improved  stop- 
ping construction  techniques. 
Additional  auger  mining  dust 
control  techniques  are  cur- 
rently being  identified  and 
evaluated,  including  an  auger 
clearer  spray  system.  Informa- 
tion concerning  these  studies, 
or  additional  information  con- 
cerning the  clean  versus  dusty 
auger  mine  study  can  be  ob- 
tained by  contacting  Drew 
Potts  at  the  Bureau  of  Mines, 
Pittsburgh  Research  Center, 
P.O.  Box  18070,  Pittsburgh, 
PA,  15236,  telephone  (412) 
892-4373. 


MINE  CHARACTERISTICS  AND  RELATIVE  RESPIRABLE  DUS' 

LEVELS 
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Urflow  last  op«n 
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distance  between 
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Relative  dust  (level,  intake 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Underboom  Sprays  Reduce  Quartz  Dust  on  Continous 
Mining  Machines 


Objective 


cloud  is  directed  immediately  behind  the  curtain  before  it 
can  migrate  back  to  the  machine  operator's  location. 


Minimize  airborne  respirable  quartz  dust  produced  by 

continous  mining  machines.  HoWltWorkS 


Approach 


Previous  studies  have  shown  that  most  of  the  dust  gener 
ated  by  continous  mining  machines  occurs  under  the  boon 
as  the  cutter  head  shears  down.  The  primary  source  of 
n  "the  off"cur"t"ain"  sid"e"of  the"mmlng"ma"chine';"  Dusty  air     respirable  quartz  dust  on  many  continous  mining  opera- 
containing  quartz  is  momentarily  trapped  undertheboom,     tions  "  cuttmg  or  trimming  roof  rock  unmediately  prior  to 
where  it  is  captured  by  fine  spray  mist.  The  remaining  dust     shearing.    This  results  in  very  high  concentrations  of 


Install  a  shovel-mounted  underboom  water  spray  system 


oom  spray  manifolds  should  consist  of  hollow-cone  type  sprays,  operating  at  a  spray  pressure  of  at  least  200  psL 
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shearing.  This  results  in  very  high  concentrations  of 
respirable  coal  and  quartz  dust  momentarily  being  con- 
fined under  the  miner  boom,  before  they  are  pushed  into 
the  primary  airflow.  Water  sprays,  located  under  the 
boom,  can  be  used  very  effectively  to  control  respirable 
dust  trapped  in  this  location.  Underboom  sprays  wet  the 
surface  of  the  broken  material,  provide  airborne  dust 
capture,  and  control  local  airflow  patterns  to  prevent  dust 
rollback.  However,  sprays  mounted  on  the  leading  edge  of 
the  underboom,  or  back  by  the  boom  hinge-point,  are 
quickly  damaged  from  coal  and  rock  thrown  backwards 
from  the  cutting  drum.  For  underboom  sprays  to  be  effec- 
tive, they  must  be  located  where  they  will  not  be  easily 
damaged,  and  must  be  accessible  for  maintenance  without 
having  to  block  the  boom  with  cribs.  The  most  practical 
location  is  in  the  rear  corner  of  the  shovel  at  the  side  of  the 
mining  machine. 

Test  Results 

An  extensive  underground  evaluation  of  side,  shovel- 
mounted  water  sprays  was  conducted  to  determine  their 
effects  on  respirable  coal  and  quartz  dust  levels  at  the 
machine  operator  and  downwind  locations.  The  baseline 
water  spray  system  consisted  of  only  a  top  boom-mounted 
antirollback  spray  system  consisting  of  17  flat  fan  sprays, 
oriented  horizontally,  and  angled  slightly  downward  into 
the  cutter  bits.  The  baseline  system  contained  no  under- 
boom sprays.  The  flat  fan  sprays  were  operated  at  a  spray 
pressure  of  80  psi  for  a  total  flow  rate  of  18  gpm. 

The  test  system  consisted  of  the  baseline  top-mounted  flat 
fan  sprays,  along  with  a  single  shovel-mounted  underboom 
manifold  containing  two  hollow-cone  spray  nozzles 
mounted  in  the  rear  corner  of  the  shovel  at  the  side  of  the 
machine.  These  sprays  were  angled  forward  and  toward 
the  curtain  side  of  the  entry,  discharging  toward  the  oppo- 
site front  corner  of  the  shovel,  over  the  gathering  arms  (see 
figure).  The  hollow-cone  sprays  were  plumbed  independ- 
ently of  the  top  boom  mounted  manifold,  and  operated  at 
a  spray  pressure  of  175  psi,  for  a  total  flow  rate  of  4.5  gpm. 

With  the  addition  of  this  single  underboom  spray  manifold 
on  the  off-curtain  side  of  the  machine,  respirable  dust  levels 
at  the  operator  and  return  locations  were  reduced  90  pet 
and  30  pet,  respectively.  Gravimetric  samples  from  these 
locations  were  analyzed  to  determine  the  impact  of  shovel 
sprays  on  quartz  dust  concentrations.  Quartz  dust  levels  at 
the  operator's  position  were  essentially  eliminated,  while 
quartz  dust  levels  in  the  return  were  reduced  by  60  pet. 

Guidelines  For  Continuous  Mining 
Machine  Spray  Systems 

Side,  shovel-mounted  underboom  sprays,  in  combination 
with  the  Bureau  of  Mines  anti-rollback  spray  system  (see 
Technology  News  No.  221),  should  help  to  reduce  coal  and 
quartz  dust  exposures  at  the  machine  operator  and  down- 


wind locations.  Theaddition  of  underboom  sprays  appears 
to  be  a  key  feature  of  any  dust  suppression  spray  system. 
Prior  underboom  spray  system  designs  containing  sprays 
on  both  sides  of  the  machine  have  been  better  than  no 
underboom  sprays  at  all.  However,  when  operated  to- 
gether, it  appears  that  manifolds  on  both  sides  of  the 
machine  work  against  each  other,  causing  turbulence  and 
rollback  to  the  operator's  position.  Only  the  manifold  on 
the  off-curtain  side  of  the  machine  should  be  operated. 
This  may  require  the  manifolds  to  be  plumbed  separately 
for  sections  using  dual-split  face  ventilation.  Underboom 
sprays  at  this  location,  operating  at  a  pressure  of  at  least  200 
psig,  wet  the  cut  material,  providing  superior  airborne  dust 
capture,  and  improve  local  airflow  patterns,  preventing 
dust  rollback  by  directing  dust-laden  air  into  the  return. 
Top-mounted  sprays  should  be  of  the  flat-fan  type,  operat- 
ing below  100  psig,  to  minimize  dust  rollback  to  the 
operator's  position. 


Shovel  sprays 
(For  right- 
hand  curtain! 


Shovel- mounted  sproys 
(or  additional  underboom 
dust  suppression  and 
cross-boom  oir  moving 
(toward  left-hand  curiam) 


Underbooom  spray  arrangement  for  split  face  ventilation  sections.  Side, 
shoveJ-mounted  underboom  manifold  on  off-curtain  side  operated  to 
provide  efficient  airborne  dust  capture  while  controlling  local  airflow 
patterns. 


For  More  Information 

Other  dust  control  measures  developed  by  the  Bureau  of 
Mines  for  use  on  continuous  mining  machines,  including 
work  on  the  antirollback  water  spray  system,  are  described 
in  Technology  News  Nos.  20,  75,  150,  220,  221,  and  224. 
CopiesoftheseissuesmaybeobtainedbywritingtheOffice 
of  Technology  Transfer  at  the  Bureau  of  Mines,  2401  E 
Street  NW,  M.S.  6201,  Washington,  DC  20241  or  telephone 
(202)  634-1224. 

For  additional  information,  or  answers  to  technical  ques- 
tions, please  contact  the  technical  project  officer  for  this 
research,  Mr.  Robert  A.  Jankowski,  Pittsburgh  Research 
Center,  P.O.  Box  18070,  Cochrans  Mill  Road,  Pittsburgh, 
PA  15236  or  telephone  him  at  (412)  892-6691. 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Water-Powered  Scrubber  for  Auger  Miner  Dust  Control 


Objective 


How  It  Works 


Capture  airborne  respirable  dust  generated  by 
an  auger-type  continuous  mining  machine  to 
reduce  workers'  dust  exposure. 


Approach 

Install  a  water-powered  scrubber  system,  oper- 
ating at  1,400  psi,  on  the  sides  of  the  conveyor. 

T  h  e  " 
scrubber 
draws  the 
dusty  air 
from  the 
face  area 
and  dis- 
charges 
cleaned 
air  into 
the  face 
return. 


Auger-type  continuous  miners  pose  unique 
ventilation  and  dust  control  problems.  To 
protect  face  workers  from  the  dust,  the  end  of 
the  brattice  is  usually  maintained  close  to  the 
face  to  increase  ventilation  effectiveness.  How- 
ever, it  is  taken  down  as  the  machine  cuts  toward 
the  exhaust  side  to  allow  the  machine  to  com- 
plete its  cut.  Often,  the  brattice  is  not  rein- 
stalled in  a  position  to  most  effectively  control 


Clean  air  to  return 


Hood  with  turning 
vanes  to  direct  cleaned 
air  toward  curtain  mouth7 


Clean  air 
exhaust 


High  pressure 
water  powered 
scrubber 


High-pressure  water-powered  scrubber  installed  on  an  auger  miner. 
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ventilation.  Improper  extension  of  the  brattice 
or  poor  installation  of  water  sprays  for  dust 
control  allows  the  dust  to  roll  back  toward  the 
operator.  An  effective  way  of  removing  this  dust 
is  with  a  scrubber  mounted  on  the  mining  ma- 
chine. Foster-Miller,  Inc.,  under  a  contract  for 
the  Bureau  of  Mines,  has  developed  a  water- 
powered  auger  scrubber.  The  tubular  system  1) 
draws  dusty  air  from  the  tunnel  area  through 
three  tubes  equipped  with  sprays  (which  both 
scrub  and  move  the  air)  2)  sends  the  dust-free  air 
through  a  demister  and  3)  exhausts  it  toward  the 
return  brattice  (see  illustration).  Results  from 
tests  show  that  hollow  cone  nozzles  are  the  most 
efficient  sprays  for  moving  the  air  and  removing 
the  dust  with  the  least  water  consumption.  The 
three  nozzles  consume  about  6  gpm  at  1,400  psi, 
and  more  than  1,500  cfm  of  air  moves  through 
the  system. 

The  entire  unit  is  mounted  on  the  sides  of  the 
conveyor  and  is  situated  partially  above  the  top 
of  the  conveyor.  Ample  clearance  exists  for  the 
passage  of  coal  below  the  scrubber,  while  the 
overall  height  of  the  auger  miner  increases  less 
than  4  inches.  The  clean  air  discharge  is  dem- 
isted and  directed  toward  the  return  brattice 
using  a  hood  equipped  with  turning  vanes. 

Test  Results 

An  underground  evaluation,  on  a  cut-by-cut 
basis,  showed  significant  dust  reductions  with 
the  scrubber  in  operation.  Gravimetric  sam- 
plers were  placed  at  five  locations  where 
respirable  dust  was  monitored  throughout  the 
face  area.  With  the  scrubber  on,  the  operator 
reduction  was  78  pet,  while  the  return  samples 
showed  a  44-pct  reduction.  Adequate  curtain 
setback  is  important  for  good  performance.  To 
prevent  recirculation,  the  curtain  should  always 
be  outby  the  scrubber  exhaust. 

Visual  observations  indicated  a  noticeable  im- 
provement, i.e.,  the  entire  face  area  looked  clear 
of  dust  raised  by  the  machine.  The  scrubber  ap- 


peared to  pull  clean  air  along  the  operator's  side 
of  the  miner  and  into  the  face  area.  The  instal- 
lation of  the  scrubber  waswelcomed  by  the 
miner  operator,  as  well  as  the  entire  face  crew, 
who  felt  that  dust  levels  at  their  locations  were 
much  lower. 

Operational  Benefits 

There  are  many  advantages  to  using  the  water- 
powered  auger  scrubber.  Since  it  is  exclusively 
water  powered,  it  is  intrinsically  safe  for  meth- 
ane. It  requires  minimal  maintenance  because 
there  are  no  moving  parts.  Mine  operators  can 
readily  fit  it  onto  existing  machines.  Capital 
expenditure  is  very  low  when  compared  to  the 
cost  of  a  fan-powered,  flooded-bed  scrubber 
system.  Noise  is  not  increased  due  to  the  scrub- 
ber operation.  The  scrubber  is  adaptable  to 
right-  or  left-hand  exhaust  ventilation,  and  no 
maintenance  associated  with  filter  panels  is 
necessarv. 


Patent  Status 


The  Bureau  of  Mines  is  not  applying  for  a  patent 
on  this  device. 

For  More  Information 

The  water-powered  auger  scrubber  will  be  com- 
mercially available  from  Foster-Miller,  Inc.,  350 
Seond  Avenue,  Waltham,  MA,  (617)  890-3200, 
in  the  near  future.  Further  details  are  available 
from  the  technical  project  officer  for  this  proj- 
ect, Natesa  I.  Jayaraman,  at  the  Bureau  of 
Mines,  Pittsburgh  Research  Center,  P.O.  Box 
18070,  Pittsburgh,  PA  15235;  telephone  (412) 
892-6676.  Technology  News  no.  310  contains 
additional  information  on  improved  dust  con- 
trol for  auger  mining  operations.  Single  copies 
are  available  by  writing  the  Bureau  of  Mines, 
Office  of  Technology  Transfer,  2401  E  Street, 
NW,  M.S.  6201,  Washington,  DC  20241  or  by 
calling  (202)  634-1224. 
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Ceramic  Honeycomb  Panels 

Chemical  vapor  deposition  makes  a  structure  of  ceramic  on  a  fabric  substrate. 


Ceramic  honeycomb  panels  serve  as 
lightweight,  heat-resistant  structural  mem- 
bers. Depending  on  the  choice  of  ceramic 
materials,  the  panels  are  expected  to  with- 
stand temperatures  as  high  as  1,800  °C. 

The  honeycomb  structure  is  made  by 
vapor-depositing  ceramic  on  a  fabric  sub- 
strate woven  in  a  honeycomb  pattern,  then 
eliminating  the  substrate  by  oxidizing  it. 
The  fabric  can  be  made  of  a  loosely  woven 


polymer  such  as  polyacrylonitrile.  It  is  im- 
pregnated with  an  organic  binder  such  as  a 
phenolic  resin  for  stiffness. 

In  one  version,  the  fabric  honeycomb  is 
placed  in  a  reactor  and  pyrolized  at  a  tem- 
perature of  700  to  1,100  °C.  Then  at  a  tem- 
perature of  900  to  1,100°C,  trichloro- 
methylsilane  vapor  is  introduced  and 
decomposes,  depositing  a  layer  of  silicon 
carbide  evenly  on  the  fabric  (see  figure). 

Ceramic 

Deposited 

on  Substrate 


Polymer  Fabric  Woven  Into  a  Honeycomb  is  the  substrate  for  chemically  deposited  ceramic. 
The  result  is  a  rigid,  insulating  honeycomb  structure. 


The  reaction  is  allowed  to  continue  until  the 
weight  of  the  honeycomb  has  increased  by 
100  to  300  percent  —  a  greater  amount  of 
deposited  ceramic  would  make  removal  of 
the  substrate  difficult.  The  ceramic  ma- 
terial is  not  limited  to  silicon  carbide;  other 
reactants  may  be  used  to  yield  silicon 
boride,  silicon  nitride,  or  boron  nitride,  for 
example. 
Next,  the  coated  substrate  is  subjected 

to  a  temperature  of  500  to  1,000  °C  for  1  to 
5  h  in  an  atmosphere  of  2  to  5  percent  ox- 
ygen by  volume.  The  fabric  and  binder  ox- 
idize and  pass  through  the  pores  of  the 
ceramic  as  gas,  leaving  a  microstructure 
of  voids. 

The  voids  can  be  filled  with  ceramic  by 
further  chemical  vapor  deposition  in  the 
reactor.  The  ceramic  filler  can  be  the  same 
as  or  different  from  the  base  ceramic.  In 
addition,  the  hexagonal  holes  of  the 
honeycomb  can  be  filled  with  the  same  or 
a  different  ceramic.  Filling  the  holes 
reduces  convective  and  radiative  transfer 
of  heat  and  increases  the  interlaminar 
shear  strength  of  the  honeycomb  panel. 

This  work  was  done  by  Domenick  E. 
Cagliostro  and  Salvatore  R.  Riccitiello  of 
Ames  Research  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center.  Refer  to  ARC-1 1652/TN. 

Ames  Research  Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)  694-5104 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Damper  of  Small  Vibrations 

A  compact  unit  provides  viscous  damping  with  temperature  compensation. 


A  vibration  damper  has  no  rubbing 
parts.  It  thus  eliminates  even  very  small 
static  frictional  forces  and  can  therefore 
respond  to  and  damp  extremely  low  levels 
of  vibration.  The  damper  dissipates  vibra- 
tion by  the  motion  of  a  piston  in  a  fixed 
volume  of  silicone  oil. 

The  base  of  the  damper  is  mounted  on 
one  of  two  bodies  that  vibrate  relative  to 
each  other.  A  flange  on  the  damper  is 
clamped  to  the  other  body  (see  figure).  The 
flange  is  an  extension  of  the  piston,  the 
hollow  shaft  of  which  is  located  between 
an  upper  and  a  lower  bellows.  A  coaxial 
rigid  shaft  passes  through  the  hole  on  the 
axis  of  the  piston,  from  the  bottom  of  the 
lower  bellows  to  the  top  of  the  upper 
bellows.  The  rigid  shaft  maintains  the 
bellows  assembly  at  a  fixed  length  and, 
therefore,  at  a  constant  volume. 

The  vibration  causes  the  piston  to  oscil- 
late axially,  alternately  expanding  and  com- 
pressing the  upper  and  lower  bellows.  The 
vibrational  energy  is  dissipated  in  the  vis- 
cous flow  of  oil  from  one  bellows  to  the 
other  along  the  damping  gap  between  the 
piston  and  the  shaft.  Upper  and  lower 
springs  give  the  assembly  radial  and  axial 
stiffness. 

If  the  temperature  of  the  fluid  rises  or 
falls,  and  the  fluid  volume  consequently 
increases  or  decreases,  the  fluid  flows 
through  a  relief  channel  and  relief  gap,  into 
or  out  of  a  thermal-compensation  bellows. 
A  preload  spring  on  the  compensation  bel- 
lows applies  a  positive  pressure  to  it.  The 
fluid  is  thus  kept  at  a  nearly  constant 
pressure,  regardless  of  fluctuations  of 
temperature. 

This  work  was  done  by  L  P.  Davis  of 
Honeywell  Inc.  for  Marshall  Space  Flight 
Center. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National  Aero- 
nautics and  Space  Act  [42  U.S.C  2457(f)], 


Fluid 


The  Coaxial  Rigid  Shaft  holds  the  upper  and  lower  bellows  at  constant  length  while  the  pis- 
ton vibrates  up  and  down.  Although  the  volumes  of  the  upper  and  lower  bellows  change  con- 
tinually, the  total  volume  of  the  bellows  assembly  stays  the  same.  The  simplified  cross-sec- 
tional diagram  at  the  right  illustrates  the  principle  of  the  operation. 


to  the  Honeywell,  Inc.  Inquiries  concerning 
licenes  for  its  commercial  development 
should  be  addressed  to 

Honeywell,  Inc. 

P.  0.  Box  21111 

Phoenix,  AZ  85036-1. 
Refer  to  MFS-28244/TN 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Dynamic,  High-Temperature,  Flexible  Seal 

Hot  gases  are  confined  safely  even  when  engine  walls  distort  under  loads. 


Essential  to  the  successful  operation  of 
high-performance,  variable-geometry  hy- 
personic engines  is  the  development  of  ad- 
vanced high-temperature,  flexible  seals  for 
the  gaps  between  movable  engine  panels 
and  their  adjacent  stationary  engine  side- 
walls.  Gaps  caused  by  pressure  and  ther- 
mal loads  on  the  relatively-compliant  en- 
gine sidewalls  can  be  as  much  as  0.25  in. 
(6.4  mm),  requiring  very-compliant  "ser- 
pentine" seals  to  conform  to  the  distortions 
of  the  sidewalls.  Such  a  seal  is  expected  to 
prevent  engine-flow-path  gas  as  hot  as 
1,200  to  5,000  °F  (650  to  2,760  °C)  and 
pressurized  to  100  psi  (0.7  MPa)from  leak- 
ing past  the  engine  panels  to  back  engine 
cavities,  where  it  could  cause  loss  of  an 
engine  or  an  entire  aircraft. 

The  new  seal  consists  of  multiple  plies  of 
braided  ceramic  sleeves  filled  with  small 
ceramic  balls  (see  figure).  The  innermost 
braided  sleeve  is  supported  by  a  high-tem- 
perature-wire-mesh sleeve  that  provides 
both  springback  and  preload  capabilities. 
The  ceramic  balls  reduce  the  effect  of  the 
relatively  high  porosity  of  the  braided  ce- 
ramic sleeves  by  acting  as  a  labyrinth  flow 
path  for  the  gases  and  thereby  greatly  in- 
creasing the  pressure  gradient  that  the  seal 
can  sustain.  This  arrangement  provides  a 
highly-flexible  seal  structure  that  can  oper- 
ate continuously  up  to  2,000  °F  (1,100  °C) 
without  coolant.  The  seal  can  also  operate 
up  to  the  maximum  engine-gas  tempera- 
tures if  transpiration  cooling  is  used. 

Designed  as  the  first-stage  seal  of  a  mul- 
tistage seal  system,  this  concept  com- 
bines initial-sealing  and  thermal-barrier 
capabilities  in  a  simple,  flexible  package. 
This  dynamic,  high-temperature,  flexible 
seal  can  be  employed  in  hypersonic  en- 
gines, two-dimensional  convergent/diver- 


Inconel    (or  Equivalent) 
Wire  Sleeve 


Manifold 
for  Coolant 


Cooled, 

Pressurized 
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Inconel  Is  a  registered  trademark 
of  the  INCO  family  of  companies 
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Telescoping-Segment 

External  Support 


The  Dynamic,  High-Temperature,  Flexible  Seal  can  operate  at  temperatures  up  to  1,100  °C 
without  coolant  or  at  higher  temperatures  when  cooled  by  transpiration. 


gent  and  vectorized-thrust  exhaust  noz- 
zles, reentry  vehicle  airframes,  rocket- 
motor  casings,  high-temperature  fur- 
naces, and  any  application  requiring  non- 
asbestos  high-temperature  gaskets. 

This  work  was  done  by  Bruce  M. 
Steinetz  of  Lewis  Research  Center  and 
Paul  J.  SirockyofSverdrup.  No  further  doc- 
umentation is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Lewis 
Research  Center.  Refer  to  LEW-14672/TN 


Lewis  Research  Center 

Technology  Utilization 
Officer:  Daniel  G.  Soltis 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5567 
Patent  Counsel: 
Gene  E.  Shook 
Mail  Code  301-6 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5753 
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Integrated  Heat  Switch/Oxide  Sorption  Compressor 

Features  include  vibration-free  operation  and  long  life. 


A  thermally-driven,  nonmechanical  com- 
pressor uses  a  container  filled  with  com- 
pressed praseodymium  cerium  oxide  pow- 
der (PrCeOx)  to  provide  a  high-pressure 
flow  of  oxygen  gas  for  driving  a  closed- 
cycle  Joule-Thomson-expansion  refrigera- 
tion unit.  The  compressor  (see  figure)  has 
no  moving  parts  except  for  very-reliable 
self-actuated  check  valves.  The  compres- 
sor is  thermally  cycled  between  about  350 
and  650  °C  by  an  electrical  heater  and  a 
gas-gap  thermal  switch.  At  the  lower  tem- 
perature, gas  is  adsorbed  at  an  absolute 
pressure  of  4  psi  (28  kPa);  at  the  higher 
temperature,  gas  is  expelled  at  600  psi  (4.2 
MPa). 

The  gap  between  the  outer  and  inner 
tubes  is  filled  with  insulation  comprising  mul- 
tiple layers  of  gold-coated  nickel  foil  sepa- 
rated by  woven  quartz  fiber  ribbons.  When 
evacuated,  the  gap  insulates,  enabling  the 
electrical  heater  to  raise  the  sorbent  to  the 


higher  temperature.  When  the  heater  is 
turned  off  and  the  gap  is  filled  with  such 
heat-transfer  gas  as  helium,  hydrogen,  or 
nitrogen,  the  gap  conducts  heat  away  from 
the  sorbent,  thus  cooling  it  to  the  lower 
temperature. 

Based  on  the  performance  of  a  proto- 
type that  was  not  optimized  for  minimum 
loss  of  heat,  a  complete  two-stage  refriger- 
ation system  with  two  compressors  pro- 
duced one-third  watt  of  cooling  at  80  K, 
with  an  input  power  of  100  W  for  the  oxide 
stage.  Computer  models  indicate  that  a 
similar  system  designed  to  minimize  the 
loss  of  heat  could  produce  one-fourth  watt 
of  cooling  at  80  K,  with  a  total  input  power 
of  33  W  for  the  oxide  stage,  and  80  W  total. 
These  power  requirements  are  somewhat 
higher  than  those  of  existing  mechanical 
cryocoolers.  However,  in  some  applica- 
tions, this  disadvantage  is  offset  by  the  in- 
crease in  operating  life  and  the  absence  of 


vibration  inherent  in  the  new  design.  This 
power  requirement  could  be  reduced  fur- 
ther by  employing  heat  recuperation  be- 
tween stages. 

Oxide  sorption  cryocoolers  should  be 
practical  for  applications  requiring  main- 
tenance-free, low-vibration  cooling  in  the 
temperature  range  of  60  to  100  K.  Such 
units  could  be  used  to  cool  infrared  detec- 
tors and  cryogenic  experiments.  An  oxide 
sorption  compressor  could  also  be  used  as 
an  upper  stage  for  a  14-to-20  K  hydro- 
gen/hydride sorption  stage.  Such  a  two- 
stage  cooler  would  require  less  than  500  W 
of  input  power  for  1  W  of  cooling  at  20  K: 
this  represents  efficiency  higher  than  that 
of  any  other  20  K  cooler  developed  thus  far. 

This  work  was  done  by  Steven  Bard  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 
NPO-17162/TN 


Gas  Flowing 

to  or  From 

Heat  Switch 


The  Integrated  Heat  Switch/Oxide  Sorption  Compressor  has  no  moving  parts  except  check  valves  (not  shown),  which  control  the  flow  of  oxy- 
gen gas  between  the  compressor  and  a  closed-cycle  Joule-Thomson  refrigeration  system.  The  oxygen  is  expelled  from  the  sorbent  at  high 
pressure  by  evacuating  the  heat-switch  gap  and  turning  on  the  heater. 
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Hatch  Cover  Slides 
Through  Hatch 

Internal  pressure  aids 
sealing  in  a  simple  cover. 

A  hatch  cover  for  a  pressurized  vessel 
provides  a  tight  seal  but  can  be  opened 
quickly  from  either  side.  In  opening  or  clos- 
ing, the  cover  sweeps  out  relatively  little 
volume  within  the  vessel,  so  that  it  does  not 
hinder  the  movement  of  people  or  objects 
from  the  vessel  to  the  outside  or  the  place- 
ment of  people  or  objects  near  the  hatch. 

The  cover  uses  the  internal  pressure  to 
create  a  seal  when  it  is  closed.  It  does  not 
need  bolts  or  latches  to  keep  it  closed 
(though  simple  latches  could  be  used  to 
hold  it  in  place  before  the  application  of 
sealing  pressure).  The  design  of  the  cover 
therefore  eliminates  leakage  paths,  and 
the  cover  is  immune  to  the  hazards  of  sud- 
den decompression  or  jamming  when 
bolts  and  latches  fail. 

The  cover  is  an  elliptical  plate  that  seats 
against  a  slightly  smaller  elliptical  hole.  The 
seal  is  a  bead  of  compressed  elastomer  on 
the  periphery  of  the  hole.  To  open  the 
hatch,  someone  inside  or  outside  the  ves- 
sel rotates  the  cover  through  an  angle  of 
90°  around  the  axis  of  the  hole,  creating 
clearance  zones  at  the  ends  of  the  ellipse 
(see  Figure  1).  The  opener  then  shifts  the 
cover  to  one  side  along  its  major  axis, 
creating  a  third  clearance  zone  at  the  op- 
posite edge  (Figure  2).  The  opener  then  tilts 
that  edge  through  the  opening,  continuing 
the  motion  until  the  trailing  edge  is  clear  of 
the  hole,  then  moves  the  entire  cover  away 
from  the  chamber.  The  minor  axis  of  the  ro- 
tated cover  easily  passes  through  the  ma- 
jor axis  of  the  hole. 

The  hatch  is  closed  by  the  reverse  pro- 
cedure. Whether  opening  or  closing  the 
hatch,  the  user  keeps  the  hands  on  grips 
on  the  cover.  Either  operation  can  there- 
fore be  executed  quickly. 

This  work  was  done  by  Charles  Allton 
and  James  H.  O'Kane  of  Johnson  Space 
Center.  No  further  documentation  is  avail- 
able. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Johnson  Space  Center 
Refer  to  MSC-21356.  fTN 
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OPEN  AND  ROTATED  BEFORE  REMOVAL 


Figure  1.  The  Major  and  Minor  Axes  of  the  Hatch  Cover  and  the  hatch  hole  are  aligned  when 
the  hatch  is  closed.  Internal  pressure  seals  the  plate  against  the  rim  of  the  hole.  Upon  open- 
ing, the  plate  is  rotated  90°,  creating  clearance  at  the  ends  of  the  hole  in  preparation  for  re- 
moval. 
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Figure  2.  With  the  Hatch  Cover  Plate 
Oriented  Properly— that  is,  with  its  major 
and  minoraxes  aligned  with  the  minorand 
major  areas,  respectively,  of  the  hatch 
hole— the  cover  is  ready  to  be  removed.  The 
cover  is  slid  sideways,  tilted,  slid  down- 
ward, and  finally  moved  away  from  the  hole. 
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Inflatable-Seal  Assembly  for  Cryogenic  Fluids 

A  plastic  ring  provides  a  tight  seal  while  minimizing  heat  transfer. 


A  connector  for  cryogenic  fluid  lines  can 
be  quickly  joined  or  separated,  seals  tightly, 
and  reduces  the  transfer  of  heat  to  the 
fluid.  The  connector  features  redundant 
sealing  rings  that  are  inflated  after  joining 
so  that  they  wedge  tightly  against  the  con- 
nector base,  preventing  leakage. 

The  connector  consists  of  a  bayonet 
and  receptacle.  Two  seal  assemblies  are 
on  the  bayonet,  which  is  inserted  in  the  re- 
ceptacle to  connect  to  a  fluid  line  and  re- 
moved from  it  to  disconnect  the  line.  The 
seal  assemblies  consist  of  an  inflatable  flu- 
orinated  ethylene/propylene  (FEP)  cylinder 
between  pairs  of  tightening  rings  made  of 
corrosion-resistant  304  stainless  steel 
equipped  with  Acme  threads  (see  figure). 

The  inflatable  seals  and  tightening  rings 
are  slid  onto  the  bayonet.  The  user  screws 
the  steel  tightening  rings  against  the  in- 
clined plane  of  the  inflatable-seal  base, 
making  a  tight  seal  between  the  bayonet 
and  the  inflatable  seal.  The  bayonet  is  then 
placed  into  the  receptacle,  and  the  FEP 
seals  are  inflated  with  helium  or  nitrogen, 
depending  on  the  cryogenic  fluid  to  be 
flowed  through  the  bayonet.  The  tightening 
rings  secure  the  FEP  seals,  and  the  pres- 
surizing gas  bows  the  walls  of  the  FEP  seal 
outward  so  that  it  presses  against  the  inner 
wall  of  the  receptacle,  forming  the  sealing 
surface. 

This  work  was  done  by  Kurt  Buehler  and 
James  E.  Fesmire  of  Kennedy  Space 
Center.  No  further  documentation  is  avail- 
able. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Kennedy  Space  Center 
Refer  to  KSC-11368/TN 
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A  Cylinder  of  FEP  is  inflatable.  A  pair  of  threaded  stainless-steel  rings  —  one  at  each  end  of 
the  cylinder  —  secure  the  cylinder  in  the  quick-disconnect  assembly. 
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Magnetic  Coupling  Delivers  Increased  Torque 

Flux  pins  decrease  the  reluctance  to  boost  the  torque  when  the  gap  is  large. 


The  addition  of  flux  pins  to  the  gap 
between  magnetically  coupled  shafts  in  a 
bioreactor  experiment  increases  the  trans- 
ferred torque  by  almost  50  percent.  Ordi- 
narily, the  gap  between  driving  and  driven 
magnets  in  a  magnetic  coupling  is  made 
as  small  as  practicable  to  reduce  the 
leakage  of  magnetic  flux.  In  the  bioreactor, 
however,  the  gap  must  accommodate  a 
wall  that  isolates  the  driving  shaft  (outside 
the  vessel)  from  the  driven  shaft  (inside  the 
vessel),  and  a  fluid  conduit  must  lie  on  the 
axis  of  rotation  of  the  magnetic  coupling. 

The  flux  pins  reduce  the  large  magnetic 
reluctance  caused  by  this  arrangement 
and  thereby  restore  some  of  the  torque  lost 
by  the  use  of  such  a  large  gap.  The  pins  are 
stationary,  are  made  of  magnetically  soft 
material,  and  are  separated  from  each 
other  by  air  or  other  nonmagnetic  material 
(see  figure).  They  sequentially  conduct  flux 
between  the  poles  of  the  driving  and  driven 
magnets  as  the  driving  magnet  rotates. 
The  spaces  between  pins  can  be  used  for 
fluid  channels  or  electrical  wiring. 

This  work  was  done  by  Edward  L  Carter 
of  Lockheed  Engineering  and  Manage- 
ment Services  Co.,  Inc.  for  Johnson 
Space  Center. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Johnson  Space  Center 
Refer  to  MSC-21171/TN 
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Fixed  Magnetic  Pins  Reduce  the  Reluctance  of  the  gap  in  a  magnetic  coupling.  They  thereby 
concentrate  the  flux  and  increase  the  torque  that  can  be  transmitted.  The  coupling  can  be 
arranged  as  a  face  or  radial  drive. 
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Sensing  the  Position  of  a  Piston  in  a  Cylinder 

A  moving  piston  covers  and  uncovers  pressure  taps. 


The  position  of  a  piston  in  a  cylinder  is 
determined  by  a  series  of  ports  and  pres- 
sure-actuated electrical  switches.  The  po- 
sition-sensing scheme  was  developed  to 
help  control  the  movement  of  the  piston, 
which  delivers  fist-size  objects  to  an  auto- 
matic mechanism  at  a  rate  of  less  than  1 
per  second.  The  piston  can  be  driven  by 
either  pressurized  gas  or  hydraulic  fluid. 

The  position  sensors  have  only  fluid  con- 
nections to  the  cylinder.  If  the  cylinder  or 
piston  has  to  be  removed,  it  is  not  neces- 
sary to  disturb  the  electrical  connections  to 
the  switches.  The  scheme  is  also  useful 
when  electrical  sensors  would  create  a 
hazard  or  cause  interference. 

When  the  piston  is  at  the  left  end  of  the 
cylinder  (see  figure),  and  pressure  is  not 
applied,  position-sensing  switches  S, 
through  S4are  open.  When  pressure  is  ap- 
plied to  port  1,  switch  S1  closes,  while  the 
other  switches  remain  open.  This  indicates 
that  the  piston  is  ready  to  move  toward  the 
right.  As  the  piston  moves,  it  progressively 
exposes  ports  2  and  3  to  the  supply  pres- 
sure so  that  switches  S2  and  S3  close  pro- 
gressively 

After  the  piston  reaches  the  right  limit  of 
its  travel,  both  ends  of  the  cylinder  are 
vented,  and  all  switches  open  under  the 
low  cylinder  pressure.  Pressure  is  then  ap- 
plied to  port  4  so  that  the  piston  starts  mov- 
ing left,  and  the  switch-closing  sequence 
occurs  in  the  reverse  direction. 

The  resolution  of  the  position  measure- 
ment depends  only  on  the  distance  be- 
tween ports  (which  may  number  more  than 
four).  The  precision  of  static  measure- 
ments depends  on  the  mechanical  preci- 
sion of  the  sizes  and  locations  of  the  ports 
and  piston  seal.  The  precision  of  dynamic 
measurements  depends  on  the  speed  of 
the  piston  and  the  lengths  of  the  connect- 
ing lines  to  the  switches. 

Electrical  switches  can  be  eliminated 
entirely  if  necessary.  The  ports  could  then 
be  connected  directly  to  fluidic  control 
devices  without  having  to  transduce  the 
pressures  into  electrical  signals. 

This  work  was  done  by  Gordon  A.  Wiker, 
George  M.  Tetsuka,  Thomas  W.  Andrews, 
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The  Progress  ot  a  Piston  from  left  to  right  is  detected  by  pressure  switches  at  ports  along  the 
cylinder  wall  The  switches  close  when  they  are  subjected  to  a  high  pressure  and  open  when 
the  pressure  falls. 


and  Richard  W.  Rice  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory 
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"Smart"  Electromechanical  Shock  Absorber 

Mechanical  response  is  adjustable  via  programmable  forcing  functions. 


An  experimental  shock-absorbing  appa- 
ratus includes  an  electromechanical  actu- 
ator and  digital  feedback  control  circuitry 
rather  than  springs  and  hydraulic  damping 
as  in  conventional  shock  absorbers  (see 
figure).  Unlike  conventional  shock  absorb- 
ers, the  electromechanical  device  is  not 
subject  to  leakage  and  requires  little  or  no 
maintenance.  The  attenuator  parameters 
can  be  adjusted  in  response  to  sensory 
feedback  and  predictive  algorithms  to  ob- 
tain the  desired  damping  characteristic. 

The  actuator,  which  is  non-back-driva- 
ble,  includes  a  screw  restrained  against 
rotation  and  driven  by  a  nut  restrained 
against  translation.  The  nut  is  driven  by  a 
dc  electric  motor.  The  motor  is  driven  by  a 
pulse-width-modulated  amplifier,  which 
receives  an  analog  drive  voltage  from  a 
digital-to-analog  converter.  The  direction  of 
torque  and/or  rotation  of  the  motor  is  con- 
trolled via  the  polarity  of  the  amplifier  out- 
put pulses. 

A  digital  servocontroller  calculates  the 
axial  position  of  the  screw  from  the  rotation 
of  the  drive  motor  as  measured  by  an  opti- 
cal shaft-angle  encoder.  The  servocontrol- 
ler operates  in  a  position-control  mode.  It 
compares  the  measured  position  with  a 
commanded  position,  digitally  filters  the 
difference  between  the  two  positions,  and 
sends  the  filtered  output  as  a  control  signal 
to  the  digital-to-analog  converter. 

The  commanded-position  signal  is  gen- 
erated digitally  by  a  function  processor.  For 
example,  if  the  function  processor  is  pro- 
grammed to  produce  a  constant-deceler- 
ation (equivalents,  constant-force)  damp- 
ing characteristic,  then  the  commanded 
position  at  each  digital  sampling  period  is 
given  by 

x(f)  =  x0  +  v0t  +  Vi  at2 
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The  "Smart"  Electromechanical  Shock  Absorber  is  an  active  device  that  can  be  pro- 
grammed to  decelerate  a  slowly  approaching  vehicle  or  other  large  object  according  to  a 
prescribed  damping  characteristic. 


where  x(f)  =  the  commanded  position  at 
time  f,  v0  is  the  initial  commanded  speed, 
and  a  is  the  commanded  acceleration. 

A  principal  anticipated  use  of  this  type 
of  apparatus  is  in  damping  the  impact  of  a 
slowly-approaching  large  vehicle  like  a 
docking  spacecraft,  docking  ship,  or  cou- 
pling railroad  car.  In  the  experimental  ver- 
sion, the  distance  and  speed  of  approach 
of  the  vehicle  are  detected  by  sonar.  A 
docking  microcomputer  converts  these 
distance  and  speed  signals  into  input  sig- 
nals for  the  function  processor  to  set  the 
actuator  at  the  proper  initial  position  for  the 


impact  of  the  approaching  vehicle  and  to 
bring  the  actuator  up  to  the  speed  of  the 
approaching  vehicle  at  this  position.  Once 
the  impact  occurs,  the  function  processor 
executes  the  constant-deceleration  or 
other  desired  damping  algorithm. 

This  work  was  done  by  LeBarian  Stokes 
and  Dean  C.  Glenn  of  Johnson  Space 
Center  and  Monty  B.  Carroll  of  Lockheed 
Engineering  and  Management  Co. 
MSC-21368/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


865 


MASATech  Brief 


National  Aeronautics  and 
Space  Administration 


I 


Theory  of  Bail-Bearing 
Vibrations 

Amplitudes  of  harmonics 
are  related  to  differences 
among  diameters. 

A  report  describes  a  theory  of  vibrations 
in  shafts  supported  by  worn  ball  bearings. 
The  purpose  of  the  theory  is  to  use  strain- 
gauge  measurements  of  vibrations  to  de- 
tect wear.  In  practice,  two  types  of  errors  of 
form  exert  the  most  significant  influence 
on  the  vibrations  of  a  shaft:  the  waviness  of 
the  inner  raceway,  which  causes  vibrations 
at  harmonics  of  the  rotational  frequency  of 
the  shaft,  and  differences  in  diameter 
among  the  balls  (ball-train  asymmetry), 
which  cause  vibrations  at  harmonics  of  the 
rotational  frequency  of  the  ball  cage. 
Assuming  that  the  ball-train  asymmetry  is 
due  to  wear,  the  theory  enables  the  inter- 
pretation of  the  ball-cage  harmonics  in 
terms  of  the  depths  of  wear  on  individual 
balls. 

The  theory  is  developed  from  a  simple 
model  of  the  radial  motion  of  the  shaft 
along  the  direction  of  the  applied  lateral 
load.  The  bearing  is  assumed  to  have 
clearance.  The  shaft  and  the  outer  race 
are  taken  to  be  rigid,  and  either  the  outer 
race  or  the  shaft  is  assumed  to  be  station- 
ary. The  only  error  of  form  is  the  ball-train 
asymmetry.  The  shaft  rotates  slowly 
enough  that  the  instantaneous  radial  posi- 
tion of  the  inner  race  with  respect  to  the 
outer  race  is  determined  by  the  diameter  of 
the  balls  against  which  it  presses  at  the 
given  instant. 


When  a  ball  passes  through  the  load 
line,  the  instantaneous  radial  position  is 
determined  by  the  diameter  of  that  ball 
alone.  Although  the  exact  position  is  not 
known  between  such  passages,  it  can  be 
approximated  by  a  smooth  curve  drawn 
among  the  points  corresponding  to  individ- 
ual balls,  showing  the  position  of  the  shaft 
as  a  function  of  the  angle  of  rotation  of  the 
ball  cage. 

The  angle  changes  at  the  rate  of  rotation 
of  the  ball  cage,  so  that  the  variation  in 
position  of  the  shaft  (and,  therefore,  of  ball 
diameter)  can  be  expressed  as  a  Fourier 
time  series 

00 

y(t)  =  Za„cos(ncocO 

n=1 

where  y  =  the  variation  in  position,  t  = 
time,  an  =  the  amplitude  of  the  nth  har- 
monic, and  coc  =  the  angular  speed  of  the 
ball  cage. 

The  force  F(t)  exerted  by  the  shaft  on  the 
outer  race  can  be  calculated  from  the 
Fourier  components,  assuming  that  the 
shaft  is  rigid  and  its  effective  mass  is  M 


F(t)  ~  w%M  2.  n2an  cos(ncoct) 

n=1 


This  force  causes  the  bearing  support  to  vi- 
brate at  the  ball-cage  harmonic  frequen- 
cies with  amplitudes  that  depend  on  the  dy- 
namic properties  of  the  bearing  support. 
The  amplitudes  of  the  ball-cage  harmonics 
measured  in  the  vibration  spectrum  of  the 
bearing  support  are  therefore  proportional 
to  the  Fourier  coefficients  of  the  curve  fit- 
ted to  the  circumferential  ball-diameter 
variation.  This  has  been  verified  empirically 
by  linear  correlations  between  the  ball- 
cage  harmonic  amplitudes  and  measured 
ball  wear  for  particular  machine  designs. 
The  ball-cage  harmonic  amplitudes  in  the 
vibration  spectrum  of  the  bearing  support 
may  thus  be  used  to  measure  absolute 
bearing  ball  wear  for  a  machine  type  that 
has  such  an  established  correlation.  For  an 
absolute  wear  measurement,  at  least  one 
ball  must  be  at  its  original  diameter.  With- 
out this  condition,  changes  in  the  relative 
amplitudes  of  the  ball-cage  harmonics  in- 
dicate changes  in  the  ball-train  asymmetry, 
signifying  increases  in  wear. 

This  work  was  done  by  Michael  J.  Nine 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center.  "Theory  of 
Ball  Bearing  Cage  Harmonic  Generation." 
MFS-29378/TN 
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Thermally  Stable  Truss 

A  lightweight  structure  expands  and  contracts  minimally  with  changes  in  temperature. 


A  lightweight  truss  is  made  of  materials 
that  yield  low  thermal  expansion  and  con- 
traction. Specifically,  its  average  coeffi- 
cient of  thermal  expansion  is  -0.0428  part 
per  million  per  degree  Fahrenheit  (0.0770 
ppm/°C)  between  -100  and  +150  °F 
(-73  and  +66°C).  The  rotational  distor- 
tion of  the  truss  is  less  than  V*  °  as  temper- 
ature is  varied  through  the  same  range.  In 
addition,  its  high  thermal  conductivity  mini- 
mizes temperature  gradients,  thereby  min- 
imizing thermal  distortions  under  a  variety 
of  heating  and  cooling  conditions.  The  ele- 
ments of  the  truss  can  be  readily  assem- 
bled. 

The  truss  has  triangular  end  faces  and 
rectangular  side  faces  braced  with  diago- 
nal elements  (see  figure).  It  consists  of 
tubes  joined  by  end  fittings.  The  tubes  are 
made  of  aluminum  alloy  reinforced  by  con- 
tinuous graphite  fibers.  The  end  fittings  are 
made  of  aluminum  reinforced  with  ceram- 
ic particles.  The  graphite  fibers  contract, 
while  the  aluminum  expands  as  the  tem- 
perature increases  in  the  range  of  interest. 
The  fibers  are  cross-plied  in  the  aluminum 
matrix.  The  net  coefficient  of  thermal  ex- 
pansion of  the  tubes  is  designed  to  be 
slightly  negative  to  offset  the  effect  of  the 
coefficient  of  thermal  expansion  of  the  end 
fittings,  which  is  about  half  that  of  alumi- 
num. 

The  tubes  are  fabricated  by  laying  up 
the  composite  material  on  a  mandrel  and 
heating  the  assembly  in  a  pressure  reactor 
to  consolidate  it.  The  end  fittings  are  fabri- 
cated by  forging  to  near  net  external  di- 
mensions, then  machining  the  insides  to  di- 
mensions required  for  mating  with  the 
tubes.  The  parts  are  joined  together  by  ad- 
hesives. 

This  work  was  done  by  A.  M.  Nowitzky 
and  E.  C.  Supan  of  DWA  Composite  Spe- 
cialties, Inc.,  for  Marshall  Space  Right 
Center.  For  further  information,  Circle  22 
on  the  TSP  Request  Card. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center.  Refer  to  MFS- 
2721 6/7 N. 


■  Sleeve 
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Tubular  Members  of  Truss  are  joined  by  multiarm  end  fittings.  Tubes  are  1  Vt  in.  (3.81  cm)  in 
diameter.  A  batten,  longeron,  and  diagonal  form  a  3-  by  4-  by  5-ft  (0.91-  by  1.22-by  1.52-m)  tri- 
angle. 


George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Trash-Disposal  Module 
for  Space  Station 

An  expandable  container 
conserves  weight 
and  volume. 

A  report  presents  the  basic  engineering 
concepts  of  a  trash-disposal  module  for 
the  Space  Station.  The  module  would  con- 
serve valuable  cargo  volume  and  reduce 
both  the  launching  and  returning  weights 
of  the  Space  Shuttle  or  other  spacecraft 
that  would  carry  materials  to  and  from  the 
Space  Station.  The  module  would  be  rela- 
tively cheap  and  simple  to  operate. 

When  empty,  the  module  would  have  a 
mass  of  915  Ibm  (415  kg).  It  would  be 
roughly  cylindrical,  7  ft  6  in.  (2.3  m)  in  di- 
ameter, with  two  rigid  end  plates  and  a  bel- 
lowslike  expandable  section  between 
them.  It  would  be  shipped  to  the  Space  Sta- 
tion in  its  compressed  condition,  attached 
to  the  Space  Station  via  an  air  lock  on  one 
of  the  end  plates,  and  expanded  to  the  full 
length  of  about  5  ft  (1.5  m)  by  the  pressure 


of  the  air  in  the  Space  Station. 

The  module  would  be  loaded  through 
the  air  lock  by  workers  in  the  "shirt-sleeve" 
environment  of  the  Space  Station.  It  could 
hold  171  ft3  (4.8  m3)  of  garbage  with  a 
mass  of  4,488  Ibm  (2,036  kg);  this  is  esti- 
mated to  be  the  amount  accumulated  dur- 
ing 90  days  of  operation. 

When  the  module  is  full,  the  air  lock 
would  be  closed,  and  the  module  would  be 
released,  pushed  away  from  the  Space 
Station  by  springs  at  a  speed  of  1  ft/s 
(0.3  mis).  When  the  module  reaches  an  op- 
timum distance,  a  radio  command  from 
the  Space  Station  would  be  sent  to  an  as- 
sembly of  equipment  on  the  outer  end 
plate.  There,  the  signal  would  cause  pres- 
surized nitrogen  from  a  canister  to  inflate  a 
toroidal  balloon  much  larger  than  the  mod- 
ule. 


The  increased  atmospheric  drag  on  the 
balloon  would  cause  the  orbit  of  the  mod- 
ule to  decay  rapidly.  On  the  average,  it 
should  take  the  module  less  than  28  days 
to  reenter  the  atmosphere.  The  module 
and  its  contents  would  be  vaporized  by  the 
heat  of  reentry.  The  high  reentry  tempera- 
tures are  expected  to  destroy  any  hazard- 
ous chemicals  that  may  be  present. 
Studies  must  yet  be  done  to  determine 
whether  this  method  of  disposal,  or  the  dis- 
posal of  certain  substances  in  this  manner, 
would  damage  the  upper  atmosphere. 

This  work  was  done  by  David  B. 
Wissinger  of  McDonnell  Douglas  Corp.  for 
Johnson  Space  Center.  "Space  Station 
Trash  Disposal  Module. " 
MSC-21324/TN 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Pneumatic  Monitoring  Systems 


Objective 

To  provide  a  flexible,  low-maintenance,  low-cost  continu- 
ous mine  air  monitoring  system  as  an  alternative  to  conven- 
tional fixed-point,  electronic  monitoring  systems. 

Background 

Continuous  monitoring  of  mine  air  is  highly  desirable  (and 
often  required)  not  only  to  improve  miner  safety,  but  also 
to  increase  mine  productivity.  Continuous  air  monitoring 
systems  can  provide  early  warning  of  developing  fires, 
excessive  methane  accumulation,  reduced  oxygen  levels, 
and  other  developing  problems  in  remote,  inaccessible  or 
sealed  areas,  and  in  active  workings. 

Fixed-point,  electronic  systems  require 
one  sensor  for  every  gas  to  be  measured 
at  every  defined  monitoring  location.  As 
the  number  of  monitoring  locations  in- 
creases, so  does  the  cost,  along  with  in- 
creases in  the  time  required  for  routine 
maintenance  and  calibration  of  the  sen- 
sors. 

System  cost  also  increases  when  monitor- 
ing locations  are  identified  for  mine  areas 
requiring  permissible  electrical  equip- 
ment. 

How  It  Works 

For  pneumatic  monitoring  systems,  gas 
samples  from  each  monitoring  location 
are  continuously  drawn  through  lengths 
of  tubing  by  a  scavenger  pump  located  at 


a  central  analysis  station  (see  figure  and  photograph).  At 
the  central  analysis  station,  the  gas  samples  from  each  tube 
are  sequentially  diverted  through  a  sample  pump  to  one  or 
more  sensors  for  measurement  of  the  desired  contami- 
nants or  gases.  These  central  analysis  stations  can  be 
located  above  ground  or  below  ground,  depending  upon 
the  particular  application,  mine  configuration,  and  re- 
sponse times  required.  Because  only  one  sensor  is  required 
for  every  gas  or  contaminant  to  be  measured,  independent 
of  the  number  of  monitoring  locations,  reliability  is  im- 
proved and  maintenance/calibration  requirements  are 
reduced.  Monitoring  in  mine  areas  requiring  permissible 
equipment  is  also  easily  achieved  using  passive,  non-elec- 
trical tubing. 

A  very  high  level  of  monitoring  system  reliability  is  possible 


Central  analysis  station  in  an  underground  mine. 
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Schematic  shows  how  pneumatic  monitoring  systems  work. 

with  pneumatic  detection.  Since  all  electrical  components 
are  centralized,  they  are  generally  enclosed  in  a  separate 
housing  or  room  provided  for  that  purpose,  offering  a 
degree  of  protection  from  the  harsh  mine  environment. 
Where  the  central  analysis  station  is  on  the  surface,  all 
electrical  equipment  is  removed  entirely  from  the  dust, 
dampness,  and  temperature  variations  which  are  often  the 
cause  of  breakdowns  in  totally  electronic  monitoring  sys- 
tems. 


mine  data  on  the  performance  characteristics  of  pneumatic 
monitoring  systems.  These  data  have  been  subsequently 
used  to  develop  design  criteria  for  such  systems  in  order  to 
provide  for  rapid-response  to  developing  problems.  These 
criteria  can  be  used  to  estimate  tube  travel  times  and  sub- 
sequent maximum  system  response  times  to  within  eight 
percent.  These  systems  can  also  be  designed  to  monitor  for 
smoke  particles,  a  universal  contaminant  common  to 
underground  fires.  The  maximum  time  delay  between  the 
true  contaminant  or  gas  level  at  the  monitoring  location 
and  the  measured  value  is  the  sum  of  the  tube  travel  time 
and  the  time  required  to  sequence  through  all  the  tubes  in 
the  system.  For  a  10-tube  systems,  with  each  tube  one  mile 
long  and  sequencing  at  the  rate  of  15  seconds  per  tube,  the 
maximum  delay  time  is  less  than  five  minutes.  For  20  tubes, 
the  delay  time  is  less  than  eight  minutes.  Further,  for  20 
monitoring  locations,  each  location  requiring  measure- 
ment of  three  gases  (CO,  CH4,  O^),  the  pneumatic  system 
cost  is  substantially  less  than  the  cost  for  a  comparable 
fixed-point,  electronic  air  monitoring  system. 

Systems  have  been  successfully  tested  for  periods  up  to 
three  years  in  coal  mines,  nonmetal  mines,  and  multilevel 
mines.  Pneumatic  systems  are  used  in  about  two-thirds  of 
all  British  coal  mines. 


Patent  Status 

The  U.S.  Department  of  the  Interior  does  not  plan  to  apply 
for  a  patent  on  the  pneumatic  monitoring  system. 


( 


S  ince  considerable  discretion  can  be  exercised  in  specifying 
the  location  for  the  central  analytic  station,  management 
considerations  such  as  accessibility  are  usually  the  primary 
factors  in  determining  its  location.  And  as  is  often  the  case 
at  underground  mines,  equipment  and  faculties  that  are 
accessible  receive  proper  inspection  and  maintenance, 
while  those  that  are  not  easily  accessible  do  not. 

Finally,  it  should  be  noted  that  pneumatic  detection  sys- 
tems can  incorporate  the  same  types  of  system  failure 
alarms  as  fully  electronic  systems.  Analogous  to  an  elec- 
tronic system's  fault  detection  circuits  which  sense  for 
broken  or  shorted  telemetry  lines,  pneumatic  detection 
systems  can  be  provided  with  sensors  which  report  broken 
or  plugged  sample  tubes  or  other  fault  conditions. 


Test  Results 


The  Bureau  of  Mines  acquired  extensive  laboratory  and  in- 


For  More  Information 

Additional  information  about  the  Bureau's  study  of  pneu- 
matic monitoring  systems  may  be  obtained  by  contacting 
either  of  the  principal  investigators  involved  with  this 
research: 

William  H.  Pomroy 

Twin  Cities  Research  Center 

5629  Minnehaha  Avenue  South 

Minneapolis,  MN  55417 

Telephone:  (612)  725-4293 

Charles  D.  Litton 

Pittsburgh  Research  Center 

P.O.  Box  18070 

Cochrans  Mill  Road 

Pittsbur&i,  PA  15236 

Telephone:  (412)  892-6752 
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Placement  of  Exciters  and 
Sensors  To  Measure 
Vibrations 

Nearly  optimal  positions  are 
found  by  a  simplified  method. 

A  report  discusses  the  use  of  the  simu- 
lated-annealing algorithm  to  place  exciters 
and  sensors  of  vibrations  at  nearly  optimal 
positions  in  a  complicated  structure.  Be- 
cause there  are  generally  fewer  exciters 
and  sensors  than  there  are  degrees  of 
freedom  in  the  structure,  an  optimal-place- 
ment algorithm  is  needed  to  maximize  the 
value  of  the  resulting  incomplete  set  of 
measurements  for  the  verification  of  the 
amplitudes  and  frequencies  of  previously- 
computed  vibrational  modes. 

It  is  assumed  that  the  sensors  are  strain 
gauges  or  accelerometers  and  that  the 
best  measurements  of  a  vibrational  mode 
of  interest  are  obtained  when  the  exciters 
and  sensors  are  placed  so  that  the  sensors 
are  at  the  degrees  of  freedom  that  have  the 
largest  kinetic  energies  in  that  mode.  The 
combinatorial  optimization  problem  posed 
by  this  criterion  for  placement  cannot  be 
solved  exactly  with  a  reasonable  amount 
of  computation  in  any  but  the  simplest  of 
cases.  The  simulated-annealing  algorithm 
provides  suboptimal  but  usually  adequate 
solutions  for  complicated  systems  that  de- 
fy rigorous  analysis. 


The  simulated-annealing  algorithm  is  so 
named  because  in  some  respects  it  bears 
a  mathematical  resemblance  to  the  theory 
of  annealing  of  solids.  Starting  with  an  ini- 
tial assignment  of  exciters  and  sensors  to 
various  locations,  changes  in  the  current 
assignment  (solution)  are  generated  ac- 
cording to  a  simple  set  of  rules  for  partly 
random  selection.  These  changes  are  ex- 
amined, and  only  those  that  improve  the 
objective  function  (in  this  case,  that  in- 
crease the  observed  kinetic  energy  of  the 
system)  are  accepted.  Usually,  such  an  ap- 
proach results  in  convergence  on  a  local 
optimum  and  may  fail  to  discover  the  glob- 
al optimum.  In  anticipation  of  finding  a 
more  global  optimum,  the  simulated-an- 
nealing method  calls  for  the  probabilistic 
acceptance  of  solutions  that  temporarily 
degrade  the  objective  function. 

When  the  change  in  energy,  A£,  of  an 
iteration  is  negative,  the  new  assignment 
is  accepted,  but  only  if  the  probability 
exp[A£/0]  (where  8  is  a  pseudotemperature 
parameter  with  the  dimension  of  energy) 
exceeds  a  random  number  between  0  and 
1.  Consequently,  the  system  attains  a 
Boltzmann  distribution. 


The  probability  of  accepting  such  de- 
grading solutions  is  made  highest  (using 
the  highest  9)  at  the  early  iterations  but  is 
reduced  slowly  by  decreasing  6  as  the  iter- 
ations progress;  thereby  far  fewer  nonim- 
proving  moves  are  accepted  near  the  op- 
timum. As  such,  a  coarse  global  search 
evolves  into  a  fine  local  search  near  the 
global  optimum,  and  the  probabilistic 
"jumps"  provide  escapes  from  nonglobal 
optima. 

The  performance  of  the  simulated-an- 
nealing algorithm  was  tested  in  numerical 
simulations  of  the  placement  of  exciters 
and  sensors  both  on  a  square  plate  held  by 
the  edges  but  otherwise  allowed  to  vibrate 
and  on  a  960-degree-of -freedom  three-di- 
mensional truss.  The  results  seemed 
promising,  and  future  experimental  tests 
are  planned. 

This  work  was  done  by  Moktar  A. 
Salama,  Theodore  L.  Rose,  and  John  A. 
Garba  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
"Optimal  Placement  of  Excitations 
and  Sensors  for  Verification  of  Large  Dy- 
namical Systems, " 
NPO-17293/TN 
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Building  Mathematical 
Models  of  Solid  Objects 

Models  are  assemblies  of 
primitive  parts. 

The  Solid  Modeling  Program  (SMP)  ver- 
sion 2.0  provides  the  capability  to  model 
complex  solid  objects  mathematically 
through  the  aggregation  of  geometric  primi- 
tives (parts).  The  system  provides  the  de- 
signer with  a  basic  set  of  primitive  parts 
and  the  capability  to  define  new  primitives. 

Six  primitives  are  included  in  the  present 
version:  boxes,  cones,  spheres,  parabo- 
loids, tori,  and  trusses.  The  user  defines  a 
primitive  part  by  specifying  the  dimension 
and  construction  attributes  required  by  a 
given  type  of  part.  By  variation  of  the  con- 
struction attributes  for  certain  primitives, 
numerous  additional  shapes  can  be  repre- 
sented. For  example,  a  cylinder  is  a  special 
case  of  a  frustum  of  a  cone  of  which  both 
radii  are  equal. 


In  addition  to  the  construction  of  solid 
models,  SMP  has  extensive  facilities  for 
the  editing,  display,  and  analysis  of  mathe- 
matical models.  The  geometric  model  pro- 
duced by  the  software  system  can  be  put 
out  in  a  format  compatible  with  such  exist- 
ing analysis  programs  as  PATRAN-G.  SMP 
provides  a  facility  for  approximating  the 
mass  properties  of  the  resulting  solid 
model.  Because  of  the  association  of  SMP 
with  the  design  of  spacecraft,  the  calcula- 
tions of  mass  properties  are  expanded  to 
include  approximations  of  projected  areas. 

SMP  runs  interactively  on  a  VAX  com- 
puter under  VMS  and  is  written  in  VAXA/MS 
FORTRAN  77  Several  commercial  librar- 
ies are  required:  LASSLIB  &  RIMLIB  from 
Boeing's  RIM  library  and  the  PLOT/10  Tek- 


tronix TCS  library.  A  minimum  available 
disk  quota  of  about  15,000  blocks  is  re- 
quired. The  program  was  developed  in 
1986. 

This  program  was  written  by  Donald  P. 
Randall,  Kennie  H.  Jones,  William  H.  von 
Ofenheim,  Raymond  L  Gates,  and  Christine 
G.  Matthews  of  Computer  Sciences  Corp. 
for  Langley  Research  Center. 
LAR-13803/TN 
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CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Software 


Calculating  Buckling  and 
Vibrations  of 
Lattice  Structures 

Exact  member  theory 
accounts  for  distributed 
masses  and  axial  forces. 

The  BUNVIS-RG  computer  program  is 
designed  to  calculate  vibration  frequen- 
cies or  buckling  loads  of  prestressed  lat- 
tice structures  that  might  be  used  in  outer 
space.  For  buckling  and  vibration  prob- 
lems, BUNVIS-RG  can  calculate  the  dead- 
load  axial  forces  caused  in  the  members 
by  any  combination  of  externally-applied 
static  point  forces  and  moments  at  the 
nodes,  axial  preload  or  prestrain  in  the 
members,  and  such  acceleration  loads  as 
those  due  to  gravity. 

In  effect,  such  preload  and  prestrain  cal- 
culations are  conducted  under  the  as- 
sumption that  a  structure  is  assembled 
with  the  preloads  and  prestrains  in  its 
members  (given  by  data)  and  with  its  nodes 
clamped  and  that  the  nodes  are  then  re- 
leased to  distribute  the  prestress  through 
the  structure.  Gravity  or  any  other  acceler- 
ation loading  of  a  structure  is  accounted 
for  by  sharing  the  mass  of  each  member  or 
substructure  according  to  the  location  of 
its  center  of  gravity  between  the  nodes  at 
its  ends  and  converting  to  forces  by  using 
the  appropriate  acceleration. 

The  program  uses  exact  member  theory 
for  beams  and  taut  cables  to  account  cor- 
rectly for  distributed  mass  and  axial  force. 
The  algorithm  involves  a  stiffness  matrix 
that  is  a  function  of  the  eigenparameter. 
Gauss  elimination  is  applied  to  this  matrix 
at  a  trial  value  of  the  eigenparameter  to  en- 
able the  algorithm  to  determine  the  num- 
ber of  eigenvalues  exceeded,  and  this  is 
repeated  for  successive  trial  values  of  the 
eigenparameter. 

In  previous  applications,  these  trial 
values  have  often  been  chosen  by  a  bisec- 
tion routine.  However,  BUNVIS-RG  has  a 


new  accelerated-convergence  routine  that 
uses  the  determinant  of  the  stiffness  matrix 
and  retains  the  certainty  of  the  algorithm, 
but  is  about  twice  as  fast.  Member  equa- 
tions used  are  the  classically  exact  ones 
obtained  by  solving  the  appropriate  dif- 
ferential equations. 

The  BUNVIS-RG  program  can  do  the 
following: 

•  Find  a  set  of  data-specified  eigenvalues; 
•Determine  static  loading,  including  pre- 
stress and  acceleration; 

•  Do  a  preliminary  calculation  to  determine 
that  the  structure  is  stable  under  dead  load 
alone; 

•  Use  a  random-force-vector  method  to  find 
the  shapes  of  vibrational  modes; 

•  Resequence  nodes  to  minimize  band- 
width and  thus  reduce  solution  times; 

•  Treat  stayed  columns  as  substructures  in 
a  very  rapid  and  efficient  manner  from  a 
point  of  view  of  input  and  execution; 

•Treat  repetitive  geometry  in  an  efficient 
manner  by  analyzing  only  the  basic  re- 
peating portion;  and 
•Treat  elastic  and  offset  connections  be- 
tween members  and  nodes. 
Complex  and  real  versions  of  BUNVIS- 
RG  can  be  created  with  a  one-line  change 
in  the  main  program  source  code  —  ac- 
tivate or  deactivate,  respectively,  the  FOR- 
TRAN COMPLEX  type  statement  that  de- 
clares several  entities  as  complex.  The  real 
version  of  the  program  executes  three  to 
five  times  faster  and  will  put  out  a  message 
when  the  complex  version,  which  uses 
complex  arithmetic  for  some  calculations, 
must  be  used  to  obtain  the  solution  to  a 
given  problem. 


BUNVIS-RG  is  a  FORTRAN  77  comput- 
er program  that  has  been  implemented  on 
a  CDC  CYBER  computer  under  NOS  2.+ 
and  on  a  VAX  computer  under  VMS  4.5. 
The  central  memory  required  for  CDC  ver- 
sions with  active  graphics  routines  is 
specified  in  CDC  words  (one  CDC  word  = 
sixty  6-bit  bytes):  complex  version,  225,726 
(octal)  words;  real  version,  205,663  (octal) 
words.  The  NASA-Langley  graphics  rou- 
tines use  at  least  7423  (octal)  words  of 
these  field  lengths.  The  virtual  memory  al- 
lotted for  VAX  versions  with  dummy  graph- 
ics routines  is  as  follows:  complex  version, 
1,041,408  8-bit  bytes;  real  version,  639,488 
8-bit  bytes.  The  program  was  released  in 
1988. 

This  program  was  written  by  M.  S. 
Anderson,  B.  J.  Durling,  andC.  L  Herstrom 
of  Langley  Research  Center;  F.  W. 
Williams,  J.  R.  Banerjee,  and  D.  Kennedy 
of  the  University  of  Wales  Institute  of 
Science  and  Technology;  and  D.  B.  Wamaar 
of  Delft  University  of  Technology. 


LAR-13876  (CDC  version)  and 
LAR-13791  (VAX  version) 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Technology  Application 


Sandia  National  Laboratory 


Concentrated  Solar  Energy  Detoxifies  Organic 
Pollutants 


Researchers  at  Sandia  National  Laboratories  have  reported  significant  progress  in  the  use  of  solar 
energy  to  destroy  organic  pollutants  in  water.    Their  work  demonstrates  that  a  chemical  reaction 
that  breaks  down  pollutants  into  nontoxic  components  speeds  up  dramatically  when  exposed  to 
concentrated  sunlight. 

The  results,  achieved  by  testing  the  breakdown  of  an  organic  acid  with  a  titanium  dioxide  catalyst, 
are  considered  validation  of  the  concept  that  solar  energy  can  be  used  to  detoxify  contaminated 
surface  or  ground  water.   Using  concentrated  solar  power  to  speed  up  reaction  times  makes  the 
process  more  commercially  attractive. 

"We  believe  this  process  will  destroy  most  organic  materials,"  said  Craig  E.  Tyner,  project  leader 
and  member  of  Sandia's  Solar  Thermal  Collector  Technology  Division.    Potential  target  contaminants 
for  the  system  include  solvents,  PCBs,  dioxins,  pesticides,  munitions  chemicals,  dyes,  and  cyanides. 

Photocatalytic  reactions  to  degrade  or  break  down  hazardous  contaminants  have  been  under  study  in 
a  number  of  nations  for  more  than  a  decade.  Recent  Department  of  Energy-funded  work  by  Sandia 
represents  the  first  time  such  a  process  has  been  brought  out  of  the  laboratory  for  engineering 
experiments  of  this  size.    Compared  with  laboratory  work,  these  engineering-scale  experiments 
provide  a  practical  measure  of  the  ability  of  the  process  to  work  with  large  volumes  of  water. 

Global  studies  of  surface  and  ground  water  availability  indicate  the  importance  of  purification 
technology  is  likely  to  increase.    Most  present  industrial  treatment  methods  are  inefficient,  costly, 
or  not  adaptable  to  large  volumes. 

Working  with  the  Solar  Energy  Research  Institute,  Golden,  Colorado,  where  laboratory  studies  are 
underway,  Sandia  investigators  began  a  series  of  tests  on  the  process  late  last  year.   By  increasing 
the  concentration  of  sunlight,  adding  small  quantities  of  hydrogen  peroxide,  and  varying  the  amount 
of  catalyst,  they  achieved  a  sharp  reduction  in  the  time  required  to  break  down  the  test  acid. 
Salicylic  acid  at  a  concentration  of  30  parts  per  million  was  used  initially  because  it  is  easy  to 
measure  and  known  to  have  properties  similar  to  more  hazardous  chemicals. 

Beginning  with  exposure  times  of  near  30  minutes  under  normal  or  "one  sun"  light,  the  team  has 
demonstrated  that  organic  compounds  can  be  reduced  to  extremely  low  levels  in  a  matter  of  seconds 
using  sunlight  concentrated  to  the  level  of  30  or  60  suns.    (This  is  the  equivalent  of  about  500,000 
watts  of  thermal  energy  on  a  10-foot-square  surface.) 

In  one  experiment,  the  required  exposure  times  were  reduced  from  more  than  two  hours  for  a  one- 
sun  reaction  to  less  than  15  seconds  in  a  60-sun  test. 

Next,  testing  is  scheduled  to  begin  on  the  solar  destruction  of  trichloroethylene  (a  widespread 
solvent  contaminant)  and  industrial  dyes.    (The  dyes  are  not  especially  toxic,  but  they  cause 
objectionable  discoloration  of  surface  waters  as  effluent  from  factories.) 
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Graph  shows  rapid  drop  in  organic  pollutant  when  exposed  to 
concentrated  sunlight  via  parabolic  trough  (solid  line)  and  by 
heliostats  equivalent  to  30  and  60  suns  (dotted  lines). 


In  the  process,  organic  compounds  are  converted  to  carbon  dioxide,  water,  and  low  concentrations  of 
simple  acids,  which  can  be  easily  neutralized  if  necessary.    High-energy  photons  from  the 
ultraviolet  part  of  the  solar  spectrum  are  essential,  since  they  first  react  with  the  titanium  dioxide 
catalyst.    This  frees  electrons  and  creates  positively  charged  "holes"  in  the  catalyst  material.   The 
electrons  and  holes,  in  turn,  react  with  dissolved  oxygen,  hydrogen  peroxide,  or  water  to  create 
hydroxyl  radicals  and  peroxide  ions.    The  two  highly  reactive  oxidizers  attack  the  organics, 
breaking  them  into  environmentally  safe  components. 

The  goal  of  testing  is  to  destroy  the  concentration  of  organics,  leaving  less  than  a  few  parts  per 
billion,  explains  James  E.  Pacheco,  a  Sandia  engineer  on  the  project.   This  kind  of  reduction  will  be 
needed  in  most  cases  to  meet  Environmental  Protection  Agency  standards. 

Two  systems  were  used  in  the  proof  of  concept  testing  at  Sandia's  Solar  Thermal  Test  Facility.   In 
one,  a  parabolic  trough  was  used  to  focus  energy  on  a  long  glass  tube.  The  salicylic  acid,  water,  and 
the  titanium  catalyst  were  then  pumped  through  the  illuminated  tube  and  into  a  measuring  tank. 

In  the  second,  called  a  falling  film  reactor,  the  mixture  of  acid,  water,  and  catalyst  was  pumped 
over  an  11 -foot  waterfall  in  a  thin  film.    The  reactor  was  placed  120  feet  above  the  ground  on  a 
tower  at  Sandia's  Central  Receiver  Test  Facility.    Sunlight  was  focused  on  the  3-foot-wide  flow  by 
up  to  twenty  20-foot  by  20-foot  sun-tracking  glass  mirrors,  called  heliostats. 

Flow  rates  through  the  systems  ranged  from  20  to  70  gallons  per  minute  depending  on  the  system 
and  the  test.   The  reactions  occur  at  below-boiling  temperatures  up  to  about  160  degrees  F. 

In  a  commercial  detoxification  system,  dozens  of  heliostats  or  troughs  would  be  used  to  provide  the 
necessary  solar  energy.  The  systems  would  be  designed  to  allow  processing  on  site.  After  the 
cleanup,  water  would  be  suitable  for  drinking,  discharge  into  surface  waters,  or  injection  into 
underground  aquifers. 

Once  efficient  combinations  of  catalysts,  exposure  times,  and  sun  concentrations  are  determined, 
information  can  be  developed  on  system  costs.   "Economics  are  of  paramount  importance  in 
developing  commercial  systems,  since  no  matter  how  effective  a  treatment  might  be,  it  must  be 
economical  to  gain  acceptance,"  said  Tyner. 

FOR  ADDITIONAL  INFORMATION:   Public  Information  Division,  Code  3161,  Department  of  Energy, 
Sandia  National  Laboratories,  Albuquerque,  NM  87185-5800;  (505)844-4207.     Refer  to 
announcement  24,  No.  5. 
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National  Institute  of  Standards  &  Technology 

Formerly  the  National  Bureau  of  Standards  (NBS) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Computer  Simulation  of  Defects  During  Metalworking 
Processes 


Currently,  the  trend  in  manufacture 
of  defense  systems  is  toward  the  use  of 
high  strength  alloys  to  obtain  structures 
having  lighterweight,  greater  reliability, 
higher  operating  temperatures  and 
lower  overall  cost.  Unfortunately, 
working  of  these  materials  into  final 
shape  by  forging,  extrusion  or  rolling 
is  very  difficult  and  often  leads  to 
defective  parts. 

To  address  this  problem,  a  com- 
puterized process  simulation  method 
has  been  developed  at  the  National 
Center  for  Excellence  in  Metalworking 
Technology  (NCEMT)  that  provides  a 
graphical  display  of  the  metal  defor- 
mation during  working  and  indicates 
the  regions  where  cracks  or  other 
defects  will  form.  The  method  involves 
a  marriage  of  recently  developed  finite 
element  modeling  techniques  and  ex- 
perimentally determined  fracture 
criteria.  Facilities  at  the  NCEMT  are 
ideally  suited  for  this  purpose.    Speci- 


FIGURE  1.   CUTAWAY  VIEW  OF  THE  DIE 
AND  PUNCHES  FOR  FORMING  A  DISK. 

fically,    the   fracture   criteria    for   the 
materials  to  be  formed  are  determined 


at  the  Center's  testing  laboratory, 
which  determines  material  behavior 
under  actual  processing  conditions  on 
mechanical  forging  presses  or  hydraulic 
extrusion  presses  at  temperatures  as 
high  as  1500°C  and  deformation  rates 
up  to  30  inches/second.  In  addition, 
finite  element  modeling  of  the  proces- 
ses is  conducted  on  the  Center's  com- 
puter facilities,  consisting  of  SUN 
Engineering  Workstations,  or  on  the 
Cray  Y-MP  at  the  University  of  Pitts- 
burgh Supercomputer  Center.  A  finite 
element  software  package  known  as 
NIKE,  which  was  developed  by  DOE 
at  the  Lawrence  Livermore  Labora- 
tories, has  been  implemented  on  the 
Center's  computers  to  perform  the 
process  simulations. 


FIGURE  2.    TYPICAL  INTERNAL  DEFECT 
THAT  OCCURS  DURING  FORGING  OF  A 
DISK  FROM  HIGH  STRENGTH  ALLOYS. 


An  application  of  the  system  is 
illustrated  in  Figures  1  through  3. 
Figure  1  shows  a  cutaway  view  of  the 
die  configuration  and  workpiece  for 
forging  a  disk  consisting  of  a  flange 
and  hub.  As  frequently  occurs  in  such 
processes  when  high  strength  alloys  are 
used,  a  crack  forms  at  the  center  of 
the  hub,  Figure  2.    Figure  3  shows  the 
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FIGURE  3.    FINITE  ELEMENT 

SIMULATION  OF  FORGING,  SHOWING 

HIGHEST  PROBABILITY  OF  FRACTURE 

AT  CENTER,  WHICH  MATCHES  ACTUAL 

LOCATION  IN  FIG.  2. 


computer  simulation  output,  which 
consists  of  the  deformed  material  and 
die    profiles,    along    with   contours   of 


probability  of  crack  formation.  It  is 
shown  that  the  probability  of  fracture 
is  100  percent  at  the  center,  corres- 
ponding to  the  actual  location  of  the 
defect  in  Figure  2. 

This  method  has  been  used  to  pre- 
dict defects  in  a  wide  variety  of  appli- 
cations involving  complex  shapes.  The 
defects  may  be  surface  cracks,  fractures 
along  die  contact  surfaces  or  internal 
defects,  such  as  that  shown  in  Figure  2. 
With  this  computer  simulation  method, 
process  alterations,  such  as  material 
substitution,  die  shape  changes,  lubri- 
cation alternatives,  etc.,  can  be  evalu- 
ated quickly  and  easily.  Thus,  proces- 
sing iterations  to  develop  a  successful 
set  of  process  parameters  can  be  per- 
formed by  computer  rather  than  by 
using  expensive  trial-and-error  methods 
on  actual  production  process  equip- 
ment and  materials. 


For  additional  information ,  contact- 
Dr.  Howard  A.  Kuhn 
Technical  Vice  President 
Metalworking  Technology,  Inc. 
1450  Scalp  Avenue 
Johnstown,  PA    15904 
(814)  266-2874 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


GATT  Standards  Code  Activities  Reported 

The  NIST  Office  of  Standards  Code  and  Information  (SCI)  serves  as  the  U.S.  GATT  (General  Agreement 
on  Tariffs  and  Trade)  inquiry  point  for  information  on  standards  and  certification  activities  that 
might  significantly  affect  U.S.  trade.   A  new  publication,  GATT  Standards  Code  Activities  of  the 
National  Institute  of  Standards  and  Technology  (NIST)  1988,  (NISTIR  89-4074),  describes  SCI's 
activities  over  the  past  year.   These  include  coordination  of  comments  on  foreign  regulations, 
translations  of  foreign  texts,  and  the  operation  of  the  GATT  "hotline"  (301/975-4041,  not  toll 
free)  that  provides  the  latest  information  on  notifications  of  proposed  foreign  regulations  issued  by 
the  GATT  Secretariat  in  Geneva,  Switzerland.  SCI  also  provides  technical  assistance  to  the  Office  of 
the  U.S.  Trade  Representative  in  developing  proposals  to  enhance  the  Standards  Code.  Special 
reports  include  the  recent  summary  of  European  Community  plans  to  achieve  an  internal  market  by 
1992  and  the  standards-related  implications  of  such  a  program  on  U.S.  exports. 

FOR  ADDITIONAL  INFORMATION:  To  obtain  a  copy  of  NISTIR  89-4074,  send  a  self-addressed 
mailing  label  to  the  Office  of  Standards  Code  and  Information,  NIST,  A629  Administration  Bldg., 
Gaithersburg,    Md.    20899;    (301)975-4037. 
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Apparatus  Impregnates  Weak  Fibers 

A  metering  die  forces  even  highly  viscous  resins  and  slurries  onto  weak  fibers. 


Composite  materials  made  from  resin  ma- 
trices reinforced  by  fibers  have  great  poten- 
tial for  solving  challenging  and  often  critical 
problems  in  the  design  of  spacecraft,  space 
structures,  and  terrestrial  structures.  To 
achieve  various  design  goals,  it  is  desirable 
to  have  a  method  of  impregnating  fibrous 
material  that  is  capable  of  using  virtually 
any  impregnating  material,  including  res- 
ins and  slurries  of  very  high  viscosity,  and 
nearly  all  fibrous  materials,  including  those 
of  very  low  tensile  strength. 

Resins  of  high  viscosity  have  posed  par- 
ticular problems  in  that  it  is  very  difficult  to 
fill  a  fibrous  material  completely  with  such 
a  resin,  and  the  resulting  air  bubbles  make 
the  material  susceptible  to  cracking.  The 
use  of  slurries  creates  problems  because  it 
is  difficult  to  maintain  a  constant  concen- 
tration of  slurry  on  a  fibrous  material,  and 
this  leads  to  inaccurate  test  data.  Similarly, 
it  has  been  impossible  in  the  past  to  im- 
pregnate fibrous  materials  fully  that  have 
very  low  tensile  strengths  because  con- 
ventional drum  winders  tend  to  tear  the  fi- 
bers. 

A  low-cost  apparatus  has  been  devel- 
oped for  use  in  a  conventional  drum  wind- 
ing machine  to  impregnate  fibrous  materi- 
als that  have  very  low  tensile  strengths.  As 
shown  in  the  figure,  a  fiber  is  fitted  onto  a 
freely-spinning  unwinding  creel.  The  fiber 
unwinds  from  the  creel  between  two  ten- 
sion bars  onto  guide  spools,  which  align 
the  fiber  so  that  it  can  properly  enter  the 
sealed  reservoir  of  resin.  A  stainless-steel 
metering  die  at  the  entrance  to  the  reser- 
voir aligns  the  fiber  and  seals  the  reservoir. 

Very  beneficial  results  have  been  ob- 
tained by  use  of  a  reservoir  made  of  poly- 
ethylene. As  the  fiber  enters  the  reservoir,  it 
passes  through  the  impregnating  material 
and  over  polytetrafluoroethylene  spreader 
bars. 

The  fiber  leaves  the  reservoir  through 
another  stainless-steel  metering  die,  which 


Creel      Fiber 


Impregnated  Fiber 


Metering       Spreader 
Die  Bars 


Metering 
Die 


This  Low-Cost  Apparatus,  Used  With  a  Conventional  Drum  Winding  Machine,  impregnates 
weak  fibrous  materials  without  tearing  the  fibers. 


forces  the  impregnating  material  and  fiber 
together,  meters  the  amount  of  impregnat- 
ing material  that  goes  onto  the  fiber,  and 
sets  the  diameter  of  the  resulting  impreg- 
nated fiber.  The  impregnated  fiber  is  then 
wound  onto  a  drum  by  a  conventional  wind- 
ing machine. 

Particularly  advantageous  results  have 
been  obtained  by  use  of  impregnating  ma- 
terials with  very  high  viscosities,  inasmuch 
as  the  exit  metering  die  is  capable  of  forc- 
ing such  impregnating  materials  into  fi- 
bers —  a  capability  not  available  with 
other  methods.  Also,  the  apparatus  is  ca- 
pable of  using  slurries  as  impregnating  ma- 
terials because  the  swirling  motion  created 
by  the  movement  of  fibers  over  the  spread- 
er bars  helps  to  keep  the  slurries  mixed 
and,  consequently,  the  concentration  of 
the  slurry  constant.  In  addition,  the  simplic- 
ity and  the  proximity  of  the  components  of 
this  apparatus  make  it  capable  of  impreg- 
nating fibrous  materials  that  have  very  low 
tensile  strengths,  without  tearing  the  fibers. 


This  work  was  done  by  Clarence  E. 
Stanfield  and  Maywood  L  Wilson  of  Lang- 
ley  Research  Center.  For  further  informa- 
tion, Circle  164  on  the  TSP  Request  Card. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center.  Refer 
to  LAR-13603/TN. 


Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Applying  Elastomeric  Insulation 
Inside  a  Round  Case 

Elastomer  is  wound  onto  the  inside  surface  in  a  continuous  strip. 


A  technique  is  being  developed  to  apply 
elastomeric  insulation  to  the  inner  sur- 
faces of  axisymmetric  cases.  Intended  for 
coating  the  insides  of  rocket-motor  cases, 
the  technique  might  also  be  used  to  install 
elastomeric  linings  in  pressure  vessels, 
containers  for  chemicals,  and  environ- 
mental chambers. 

The  technique  requires  the  modification 
of  a  machine  that  wraps  a  strip  of  elasto- 
mer on  the  outside  of  a  rotating  mandrel. 
The  machine  extrudes  a  strip  of  uncured 
nitrile  rubber,  ethylene  propylene  diene 
monomer,  or  other  tacky  elastomeric  resin. 
The  strip  is  transported  to  an  applicator 
head,  where  a  payoff  wheel  rolls  the  strip 
onto  the  surface  to  be  coated. 

The  major  modification  is  required  in  the 
strip-delivery  system  (see  Figure  1 ):  The  ex- 
truder and  applicator  head  could  be  mount- 
ed on  a  carriage  that  travels  along  rails  in- 
side the  case.  Alternatively,  the  applicator 
head  alone  could  be  moved  on  a  track  or  at 
the  end  of  a  long  boom  inside  the  case.  In 
the  latter  two  configurations,  the  extruder 
would  remain  stationary  outside  the  case, 
and  the  strip  would  be  transported  to  the 
applicator  head  on  rollers  or  on  a  conveyor 
belt. 

The  payoff  wheel  can  run  freely  or  can  be 
powered  to  run  at  a  surface  speed  slightly 
faster  than  that  of  the  case,  to  impart  a 
slight  compressive  stress  to  the  strip  to 
suppress  air  pockets  and  ensure  conformi- 
ty to  the  inner  surface  of  the  case.  The  axial 
speed  of  the  applicator  head  is  adjusted  so 
that  each  turn  of  the  strip  partly  overlaps 
the  previous  turn,  in  the  manner  of  shin- 
gles. 

The  unmodified  machine  includes  a  mi- 
croprocessor, which  controls  the  speed  of 
extrusion,  the  rate  of  rotation  of  the  man- 
drel (adaptable  to  control  the  rate  of  rota- 
tion of  the  case),  the  axial  speed  of  the 
carriage,  and  the  orientation  of  the  applica- 
tor head.  The  microprocessor  program  is 
changed  to  apply  the  strip  to  the  insides  of 
cylinders  or  of  spherical,  semispherical,  or 
conical  domed  heads  (see  Figure  2). 

Although  it  will  probably  be  unnecessary 
in  most  instances,  a  tackifier  could  be  ap- 
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Figure  1.  An  Applicator  Head  is  moved  axially  along  the  inner  surface  of  the  rotating  case  to 
apply  a  strip  of  uncured  elastomer. 
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plied  to  the  inner  surface  of  the  case  to 
hold  the  uncured  strip.  A  typical  tackifier 
might  be  a  solution  of  the  elastomer  in 
chloroform.  The  chloroform  would  evapo- 
rate before  the  lining  is  cured  by  heating. 
77ms  work  was  done  by  Peter  G.  Russell 
of  Morton  Thiokol,  Inc.,  for  Marshall 
Space  Flight  Center 

MFS-28286/TN 


Figure  2.  The  Inner  Surface  of  a  Dome  11  ft  (3.4  m)  in  diameter  is  wrapped  with  a  strip  of  elas- 
tomer. In  this  configuration,  the  strip  of  elastomer  is  fed  on  rollers  to  the  applicator  head. 
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Ceramic  Bearings  for 
Gas-Turbine  Engines 

Materials  and  methods  of 
design  have  improved 
over  the  years. 

A  report  reviews  data  from  three  de- 
cades of  research  on  bearings  that  contain 
rolling  elements  and  possibly  other  compo- 
nents made  of  ceramics.  Ceramic  bear- 
ings are  attractive  for  use  in  gas-turbine 
engines  because  ceramics  generally  re- 
tain their  strengths  and  resistances  to  cor- 
rosion over  a  range  of  temperatures  much 
greater  than  that  of  typical  steels  used  in 
rolling-element  bearings.  Furthermore,  be- 
cause ceramics  have  mass  densities  low- 
er than  those  of  steels,  they  might  be  used 
to  reduce  centrifugally  induced  stresses  in 
the  outer  races  of  high-speed  bearings. 

The  text  begins  with  a  brief  description 
of  historical  developments  in  the  field.  This 
is  followed  by  a  discussion  of  the  effect  of 
contact  stress  on  the  fatigue  life  of  a  rolling 
element.  The  discussion  is  supplemented 
by  figures  and  a  table  that  give  data  on  the 
fatigue  lives  of  rolling  elements  made  of 
various  materials. 

The  next  topic  is  the  effect  of  elastic  and 
thermal  properties.  Equations  for  stresses, 
contact  radii,  and  fatigue  lives  are  present- 
ed. A  table  gives  typical  physical  properties 
of  ceramic  and  steel  bearing  materials. 
Another  table  gives  the  lives  and  dynamic- 


load  capacities,  relative  to  those  of  all-steel 
bearings,  of  bearings  made  with  steel 
races  and  rolling  elements  of  crystallized- 
glass  ceramic,  alumina,  silicon  carbide,  ti- 
tanium carbide  bonded  with  nickel,  silicon 
nitride,  or  steel. 

The  report  then  analyzes  data  on  the  ef- 
fects of  temperature  and  speed  on  fatigue 
lives  for  several  materials  and  operating 
conditions.  This  is  followed  by  a  discussion 
of  the  related  topic  of  the  generation  of 
heat  in  bearings,  with  consideration  of  the 
effects  of  bearing  materials,  lubrication, 
speeds,  and  loads. 

Preliminary  research  on  unlubricated 
bearings  and  bearings  lubricated  by  solid 
films  is  reported.  There  is  a  brief  descrip- 
tion of  the  advantages  and  disadvantages 
of  several  schemes  for  mounting  ceramic- 
rolling-element  bearings.  Recent  develop- 
ments in  the  manufacture  of  silicon  nitride 
rolling  elements  are  recounted. 

The  report  presents  several  conclusions, 
including  the  following: 
•  Of  the  ceramic  materials  studied,  silicon 
nitride  yields  the  rolling  elements  with  the 
longest  fatigue  lives.  However,  the  dynam- 
ic-load capacity  of  an  all-silicon  nitride 


bearing  is  only  5  to  1 2  percent  that  of  an  all- 
steel  bearing  of  the  same  size  and  shape. 
•A  bearing  made  of  ceramic  rolling  ele- 
ments and  a  steel  race  cannot  be  expect- 
ed to  last  as  long  as  does  an  all-steel  bear- 
ing if  the  modulus  of  elasticity  of  the 
ceramic  exceeds  that  of  the  steel  (as  it 
usually  does). 
•Lubrication  of  ceramic  rolling  elements 
appears  to  be  necessary  to  prevent  failure 
at  high  temperatures. 
•  The  contemplated  use  of  all-ceramic  bear- 
ings in  turbomachinery  will  impose  special 
requirements  on  design  and  mounting.  Op- 
timum designs  have  yet  to  be  developed. 
This  work  was  done  by  Erwin  V.  Zaretsky 
of  Lewis  Research  Center.  Further  infor- 
mation   may    be    found    in    NASA 
TM-1 00288  [N88- 18007],   Price  Code: 
A03  "Ceramic  Bearings  for  Use  in  Gas 
Turbine  Engines." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14832/TN 
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Improved  Vacuum-Tight  Connector 

A  simple  reinforcing  tube  increases  service  life  and  improves  the  seal. 


Copper  cooling  lines  used  in  a  vacuum 
must  be  connected  with  fittings  that  not 
only  are  easily  installed  or  replaced  but 
also  remain  vacuum  tight  at  pressures  in 
the  range  of  1  x  10  ~9  torr  (about  10  ~7  Pa) 
and  temperatures  in  excess  of  250  °C. 
Standard  stainless-steel  Swagelok  (or  equi- 
valent) fittings  have  been  used  to  make 
these  connections,  but  the  high  tempera- 
tures to  which  they  were  subjected  invari- 
ably caused  leaks,  which  necessitated  the 
shutdown  of  the  system  for  maintenance. 
The  repair  of  a  fitting  involved  the  replace- 
ment and  installation  of  a  new  sealing  fer- 
rule along  with  a  corresponding  shortening 
of  the  copper  line.  Several  such  repairs 
would  eventually  make  it  necessary  to  re- 
place a  line  with  a  new  one  of  sufficient 
length. 

One  method  to  eliminate  this  problem, 
as  shown  in  the  figure,  is  to  place  a  special 
stainless-steel  tube  insert  within  the  cop- 
per line  where  the  fitting  is  attached.  This 
insert  provides  a  nondeformable  backup 
wall  that  supports  the  copper  material 
against  the  ferrule.  This  insert  not  only 
prevents  the  copper  from  moving  inward 
under  the  squeeze  of  the  ferrule  but  also 
prevents  thermal  distortion  of  the  copper 
from  opening  a  leak.  The  insert  enables  the 
sealing  ferrule  to  bite  more  deeply  into  the 
copper  and  thereby  produces  a  vacuum 
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The  Short  Stainless-Steel  Tube  is  inserted  in  the  copper  tube  to  reinforce  it  against  compres- 
sion, thereby  preventing  leaks  due  to  thermal  distortion  or  to  collapse  under  the  squeeze  of 
the  ferrule  in  the  compression  fitting. 


seal  similar  in  principle  to  the  commonly- 
used  Conflat  (or  equivalent)  flange  seal. 

Several  test  specimens  of  this  improved 
connector  have  been  constructed,  tested, 
and  evaluated.  The  fittings  have  not  only 
operated  successfully  at  the  required  op- 
erating conditions  of  vacuum  and  temper- 


ature but  have  also  consistently  demon- 
strated high  reliability  after  having  been 
loosened  and  tightened  many  times. 

This  work  was  done  by  Frank  Rudin  of 
Lewis  Research  Center.  No  further  docu- 
mentation is  available. 
LEW-14720/TN 
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Programmable  Positioner  for  Spot  Welding 

Welds  are  spaced  and  performed  in  sequence  automatically. 


Programmable 
Positioner 


The  present  method  of  manufacture  of 
large  missile  tanks  [10  to  14  ft  (3  to  4.3  m)  in 
diameter]  requires  resistance  welding  of 
thousands  of  spot  welds  on  the  tank  bulk- 
heads. For  technical  and  economical 
reasons,  large  aerospace  assembly  opera- 
tions are  seldom  automated,  and  the  con- 
sequent manual  application  of  the  spot 
welds  is  slow  and  tedious.  In  addition,  er- 
rors on  the  part  of  operators  give  rise  to 
mislocated  and  defective  welds. 

To  improve  the  fabrication  procedure,  a 
welding  station  was  mechanized  by  install- 
ing a  preset  indexing  system  and  gear 
drive.  The  mechanism  includes  a  low-cost, 
versatile,  single-axis  motion  control  and 
motor  drive  (see  figure)  to  provide  fully- 
automatic  weld  sequencing  and  spot-to- 
spot  spacing.  The  commercially  available 
controls  used  in  this  station  were  based  on 
a  microprocessor  and  included  such  fea- 
tures as  selectable  gain  and  damping  fac- 
tors, encoder  scaling,  switch-function 
inputs  and  outputs,  a  motor-drive-signal 
output,  and  accommodations  for  inputs 
from  a  tachometer  and  a  position  encoder. 
The  interface  between  the  control  output 
and  the  resistance  welder  completed  the 
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This  Welding  Station  relieves  the  operator  of 
both  productivity  and  the  quality  of  welds, 
system. 

The  automated  welding  station  has  pro- 
duced significant  improvements  in  produc- 
tivity and  in  the  quality  of  the  products. 
Welding  operators  have  been  relieved  of 
physical  strain  and  can  better  maintain 
such  other  process  variables  as  the  align- 
ment and  condition  of  electrodes  as  well  as 
lateral  tracking.  This  results  in  welds  of 
higher  quality  and  greater  accuracy,  fewer 


Gear  Reduction 
Unit 

some  difficult,  tedious  tasks  and  increases 

weld  defects,  and  faster  welding  operation. 
Weld-overlap  joints  can  be  made  in  one- 
fourth  the  previous  time,  and  patterns  con- 
taining wide  spaces  are  welded  at  approxi- 
mately twice  the  speed  of  hand  positioning. 
This  work  was  done  by  William  A.  Roden 
of  General  Dynamics  Corp.  for  Lewis  Re- 
search Center.  No  further  documentation 
is  available. 
LEW-14622fTN 


FOR  ADDITIONAL  INFORMATION:  Contact  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


8£0 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Simplified  Linear  Multivariate  Control  of  Robots 

Trajectories  of  robot  joints  would  converge  quickly  to  reference  trajectories. 


A  simplified  method  has  been  developed 
to  design  a  control  system  that  would 
make  the  joints  of  a  robot  follow  reference 
trajectories.  The  generic  design  includes 
independent  multivariable  feedforward 
and  feedback  controllers  (see  figure).  The 
feedforward  controller  is  based  on  the  in- 
verse of  the  linearized  model  of  the  dynam- 
ics of  the  robot  and  implements  a  control 
law  that  contains  only  proportional  and  first 
and  second  derivatives  of  the  reference 
trajectories  with  respect  to  time.  The  feed- 
back controller,  which  implements  a  con- 
trol law  of  proportional,  first-derivative,  and 
integral  terms,  makes  tracking  errors  con- 
verge toward  zero  as  time  passes. 

The  control  theory  is  based  on  a  robot  of 
n  rotary  joints,  the  incremental  angular 
positions  of  which  are  described  by  an 
n  x  1  vector  8.  The  linearized  behavior  of 
the  robot  is  expressed  by 

AB  +  BB  +  C8  =  T 
where  A,  B,  and  C  are  the  n  x  n  matrices  of 
the  coupled  dynamics  of  the  n  degrees  of 
freedom  and  T  is  the  n  x  1  vector  that  rep- 
resents the  incremental  control  torques 
applied  to  the  joints.  The  problem  is  to 
make  the  actual  trajectories  of  the  joints, 
0(f),  follow  or  converge  toward  the  refer- 
ence trajectories  8r(t)  (where  t  -  time). 

The  n  x  n  feedforward  controller  Q(s)  is 
chosen  to  be  based  on  the  minimal-order 
inverse  of  the  robot  model;  that  is,  to  proc- 
ess the  input  signals  8r{s)  according  to  the 
control  law 

Q(s)  =  As2  +  Bs  +  C 
where  s  is  the  Laplace-transform  complex 
frequency.  This  choice  enables  the  robot  to 
track  any  reference  trajectory.  The  contri- 
bution of  this  controller  to  the  overall  con- 
trol law  is  T2{s)  =  O(s)0l{s). 

The  nxn  feedback  controller  K{s)  is  in- 
tended to  produce  a  stable  closed-loop 
system  with  desired  pole  positions  in  the  s 
plane;  that  is,  with  desired  frequencies  of 
oscillation  and  damping  of  the  tracking  er- 
rors e  =  9-6  The  feedback  transfer 
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The  Control  System  implements  feedforward  and  feedback  control  laws  that  stably  drive 
the  actual  robot-joint  trajectories  6  toward  reference  trajectories  9 . 


function  is  chosen  to  be 

K(s)  =  Kp  +  Kvs  +  K,/s 
where  K  Kv,  and  K, represent  the  nxn 
proportional,  derivative,  and  integral  feed- 
back gains,  respectively.  This  controller 
contributes  TA(s)  =  K(s)e(s)  to  the  overall 
control  law. 

It  is  possible  to  choose  the  feedback 
gains  so  that  the  system  exhibits  the  de- 
sired transient  response  of  tracking  errors 
and  so  that  the  tracking  error  in  each  joint 
angle  can  be  controlled  independently. 
This  is  done  by  working  "backward":  The 
designer  first  specifies  the  desired  damp- 
ing factor  |k  and  undamped  natural  fre- 
quency a^  for  each  angle  6k  and  uses 
these  values  to  determine  the  elements  of 
the  n  xn  diagonal  matrices  A,  that  would 
yield  the  decoupled  error  dynamics  ac- 
cording to  e"+  A/e  +  A2e  +  A3e  =  0.  The 
required  gains  are  then  found  from  the  fol- 
lowing simple  equations: 

Kv  =  M,  -  B 

Kp  =  AA2  -  C 

K,=  AA3 
This  work  was  done  by  Homayoun  Seraji 
ofCaltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 
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Ablative  Antifouling  Paints  Provide  Good  Service 


Measurements  of  hull  paint 
roughness  made  by  the  David 
Taylor  Research  Center, 
Bethesda,  Maryland,  during  ship 
service  showed  that  ablative 
antifouling  paint  is  smoother 
than  nonablative.  Researchers 
assume  that  the  smoother 
ablative  antifouling  paints  will 
result  in  less  ship  drag. 

Three  generic  types  of 
antifouling  paints--free  associa- 
tion, controlled  release  copolymer 
nonablative,  and  copolymer 
ablative— were  compared  on  the 
basis  of  their  mode  and  median 
roughness  values,  together  with 
percent  frequency  based  on  a 
cutoff  of  500  microns.  Because  of 
the    sloughing    action    of   the 


ablative  mechanism,  several 
copolymer  ablative  paints  are 
effective  against  accretions  of 
slime  and  grass.  The  toxic 
release  through  the  hydrolysis 
and  ablation  process  combine  to 
keep  the  surface  of  the  ablative 
paints  less  rough  and  free  of 
slime  and  grass  for  long  service 
periods 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703) 663-8921 

Refer  to  140406/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards)  i 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 ^^^_^^^^_^_______^^^___ 

Prototype  System  Developed  On  Structural  Ceramics 


NIST  scientists  have  developed  a  prototype  computerized  database  system  of  critically  evaluated 
data  on  structural  ceramics.    Designed  for  personal  computers  (PCs),  the  current  focus  is  on  the 
physical,  chemical,  and  performance  properties  of  structural  ceramics  expected  to  have  near- 
term  applications  for  the  design  of  heat  exchangers,  radiant  tube  heaters,  and  engine  components 
such  as  valves.   Users  can  specify  a  material  by  generic  and  trade  name,  by  composition  and 
microstructure,  or  by  desired  property  values. 

FOR  ADDITIONAL  INFORMATION:  Dr.  Ronald  G.  Munro,  NIST,  A256  Materials  Bldg., 
Gaithersburg,    Md.    20899;    (301)975-6119. 
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Premium  Quality  Aluminum  Castings 


The  results  of  continuing  studies  at  Northrop  Corporation, 
supported  by  the  Air  Force  Wright  Aeronautical  Laboratories,  are 
described  in  an  interim  report  dated  September  1988. (D  The 
studies  described  in  that  report  were  directed  toward  obtaining  data 
on  the  durability  and  damage  tolerance  properties  of  two  casting 
alloys  designated  D357  and  B201.  The  nominal  composition  of 
those  alloys,  which  are  modifications  of  A357  and  A201,  are 
Al-7.0Si-0.58Mg-0.15Ti-0.01Be  and  Al-4.8Cu-0.6Ag-0.35Mg-0.25Mn- 
0.25Ti,  respectively. 

Plate  castings  measuring  16  x  6  x  1-1/4  inches  were  cast  from 
both  alloys  by  three  different  foundries.  Each  foundry  was  allowed 
to  select  the  casting  and  heat  treating  procedures  to  be  used  to 
produce  the  plates  as  their  experience  dictated,  the  only  require- 
ment being  that  the  castings  should  meet  specified  tensile  and 
microstructural  specifications  after  heat  treatment.  Minimum 
specified  tensile  properties  were: 


properties,  fatigue  properties  (both  stress  versus  life  and  crack 
growth  rate),  and  fracture  toughness.  Microstructural  characteristics 
were  also  determined  and  fractographic  studies  of  failed  test  speci- 
mens were  performed. 

The  three  foundries  were  able  to  produce  1-1/4  inch  thick 
castings  of  both  alloys  that  met  specified  tensile  requirements. 
Fatigue  crack  growth  rates  of  both  alloys  were  similar,  and  slightly 
lower  than  those  reported  for  7075-T7351  plate.  Crack  initiation 
occurred  earlier  in  the  cast  plates,  however,  due  to  the  presence  of 
internal  defects.  (The  B201  castings  were  hot  isostatically  pressed, 
prior  to  heat  treatment,  to  minimize  microshrinkage.)  The  fracture 
toughness  of  the  D357-T6  castings  averaged  24  ksi-in.  1/2,  lower 
than  the  average  toughness  of  40  ksi-in.  1/-  measured  for  the 
B20TT7  castings.  The  foundry-to-foundry  variability  in  toughness 
was  greater  in  the  case  of  the  B201-T7  castings,  however,  ranging 
from  20  to  47  ksi-in.1/2. 


Alloy 
D357 
B201 


Temper 
Designation 

T6 
T7 


Tensile 
Strength,  ksi 

50 
60 


Yield 
Strength,  ksi 

40 
50 


Elongation, 
percent 

3 

3 


The  heat  treated  castings  were  evaluated  to  determine  tensile 


It  was  concluded  that  castings  up  to  1-1/4  inch  thickness  of 
both  alloys  could  be  considered  for  damage  tolerance  applications 
based  on  the  existing  specifications  (MIL-A-8344  and  MIL-A- 
87221)  assuming  that  a  smaller  equivalent  initial  flaw  size  was  used 
than  used  for  wrought  alloys  (0.050  inch).  Flaw  sizes  for  1-1/4  inch 
thick  D357-T6  and  B201-T7  castings  based  on  the  studies  described 
in  this  report  were  given  as  0.030  and  0.042  inch,  respectively. 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA 
22161;      (703)487-4600. 

NTIS  order  number:    ADA  200066/NAC 

Price  code:  A05 
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Technology  Application 


Solar  Energy  Research  Institute 


Sulfur-free  Selective  Pulping  Research 


A  collaborative  research  project  be- 
tween the  Institute  of  Paper  Chemistry 
(IPC)  and  SERI,  which  may  lead  to  sav- 
ings of  energy  and  money  in  the  paper 
industry,  has  recently  come  under  the 
sponsorship  of  DOE's  Office  of  Industrial 
Programs. 

The  research  seeks  to  develop  a  pulp- 
ing process  that  would  conserve  wood 
resources,  reduce  the  environmental 
impact  of  current  processes,  and  require 
significantly  less  energy  per  unit  of 
product. 

For  the  past  five  years,  researchers  at 


A  technician  prepares  a  large  gel-filtration  chroma- 
tography column  lor  use  in  enzyme  purification. 


IPC  and  in  SERI's  Chemical  Conversion 
Research  Branch  have  been  working  to- 
gether in  the  study  of  the  mechanisms  of 
pulping.  They  are  now  examining  a  new 
process  that,  unlike  the  kraft  process,  the 
industry's  major  pulping  process,  will  not 
produce  sulfur  emissions  and  will  result 
in  a  pulp  that  is  less  brown  and  easier  to 
bleach. 

While  the  kraft  process  uses  sodium 
hydrogen  sulfide  to  accelerate  the 
removal  of  lignin  (the  chief  noncarbohy- 
drate  constituent  of  wood)  from  the  car- 
bohydrate fibers  in  the  pulp,  the  IPC/ 
SERI  process  uses  accelerators  such  as 
anthraquinone,  which  do  a  better  job  of 
selectively  degrading  the  lignin  and  pro- 
duce no  sulfur  emissions.  This  higher 
selectivity  should  lead  to  simpler  recov- 
ery of  chemicals  and  a  pulp  that  is  easier 
to  bleach. 

To  avoid  the  added  costs  of  using 
anthraquinone-type  accelerators,  re- 
searchers are  addressing  innovative 
ways  of  generating  these  accelerators 
from  fragments  of  the  degraded  lignin. 

This  current  effort  is  an  extension  of 
SERI's  earlier  work  on  isolation  of  lignin 
fragments  through  liquid  or  supercritical 
extractions  and  IPC's  work  on  innovative 
ways  of  producing  quinone  systems. 
Contact:  Dr.  Helena  Chum 
(303)  231-7249 
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Thermal  Properties  of  Wood  and  Wood  Panel  Products 
For  Use  In  Buildings 


A  study  provides  a  review  and  evaluation  of  currently  available  information  on  the  thermal 
conductivity  and  specific  heat  of  wood  building  materials.   A  linear  equation  has  been  derived  for 
thermal  conductivity  of  solid  wood  as  a  function  of  density  and  moisture  content  from  data  in  the 
literature  and  used  this  to  provide  estimated  conductivity  values  for  various  types  of  hardwoods  and 
softwoods. 

Far  fewer  data  exist  for  the  thermal  conductivity  of  wood  panel  products.    Current  design  values 
appear  to  be  based  on  the  premise  that  the  conductivity  of  plywood  is  the  same  as  that  of  solid  wood 
of  the  same  species,  but  the  few  reported  results  from  measurements  indicate  a  lower  conductivity. 
More  definitive  information  exists  on  the  conductivity  of  conventional  particleboard  and  fiberboard, 
but  additional  conductivity  measurements  of  plywood  and  some  of  the  most  commonly  used 
tlakeboards,  such  as  oriented  strandboard  (OSB),  are  needed. '  Additional  measurements  of  the 
specific  heat  are  needed  for  all  wood  panei  products. 

The  researchers  addressed  special  problems  of  measuring  thermal  properties  of  wood  products  with 
high  moisture  contents  and  the  practical  relevance  of  such  data  to  building  design  and  performance, 
and  concluded  that  thermal  properties  above  fiber  saturation  are  of  little  practical  significance.    A 
report  contains  the  authors'  recommendations  for  design  values  for  thermal  properties  and  for 
further  research  and  additional  measurements,  as  well  as  a  bibliography. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield  VA 
22161;      (703)487-4600. 

NTIS  order  number:    DE  89-002488/NAC 

Price  code:  A04 
To  discuss  this  effort  further,  contact  Anton  TenWolde,  Forest  Products  Laboratory,  Madison,  Wl. 
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Computing  Viscoplastic  Behavior  of  a  Material 

Robinson's  model  of  viscoplasticity  is  implemented  via  a  finite-element  computer  program. 


A  finite-element  implementation  has 
been  developed  for  Robinson's  unified 
model  of  viscoplasticity.  The  method  can 
be  used  to  calculate  elastic,  plastic,  and 
creep  deformations  in  solid  materials  at 
various  temperatures;  it  can  be  used  to 
study  the  thermomechanical  behavior  of 
such  things  as  hot  pressure  vessels  and 
highly  stressed  components  in  engines. 

In  Robinson's  model,  the  flow  and  the 
evolution  of  internal  variables  of  the  ma- 
terial are  derived  from  a  flow  potential.  The 
behavior  of  the  material  is  considered  elas- 
tic in  all  states  of  stress  within  the  flow  po- 
tential and  viscoplastic  in  all  states  of 
stress  outside  the  flow  potential.  Assuming 
small  displacements  and  strains,  the  total 
strain  rate  is  taken  as  the  sum  of  elastic 
and  inelastic  parts.  The  material  is  as- 
sumed to  be  isotropic,  and  the  elastic  com- 
ponent of  the  strain  rate  is  assumed  to  be 

MARC  (Strain  Rate 

=  0.0004/min) 

MARC  (Strain  Rate 

=  0.04/min) 
O  Experiment  (Strain  Rate 
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•  Experiment  (Strain  Rate 
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related  to  the  stress  rate  via  Hooke's  law. 

The  growth  of  the  internal  state  variable 
that  accounts  for  kinematic  hardening  is 
based  on  the  Bailey-Orowan  theory,  which 
includes  the  hardening  effect  of  accumu- 
lated deformation  and  a  recovery  or  soft- 
ening etfect  that  proceeds  with  time.  The 
equation  tor  flow  expresses  the  relation- 
ships among  the  deviatoric  stress,  the 
hardening-state  variable,  and  the  inelastic 
component  of  the  strain  rate.  The  material 
parameters  in  the  equations  for  the  state 
variable  and  the  flow  are  represented  by 
simple  temperature-dependent  models. 

Robinson's  model  is  implemented  via 
the  MARC  general-purpose  finite-element 
computer  program  by  incorporating  all  of 
the  nonlinearity  of  the  material  into  an  initial 
load  vector  and  treating  the  vector  as  a 
pseudo  body  force  in  finite-element  equilib- 
rium equations.  Because  the  gradients  of 
some  of  the  quantities  in  the  constitutive 
equations  of  the  model  are  large,  it  is  best 
to  use  a  subincrement  technique  to  form 
the  incremental  constitutive  equations  that 
correspond  to  a  finite  increment  of  load.  In 
this  technique,  each  finite  increment  is  split 
into  several  equal  subincrements,  over 
each  of  which  the  constitutive  equations 
are  integrated  by  the  explicit  Euler  forward- 
difference  method.  The  HYPELA  subrou- 
tine in  MARC  includes  an  adaptive  integra- 
tion scheme  that  selects  optimal  sizes  of 
the  subincrements.  A  spline  function 


smooths  discontinuous  boundaries  in 
Robinson's  model  to  facilitate  the  finite- 
element  numerical  calculations. 

The  method  was  tested  by  using  it  to  cal- 
culate the  combined  effects,  on  a  steel 
alloy,  of  cyclic  heating  and  cooling  with 
both  in-phase  and  opposite-phase  cyclic 
uniaxial  strain.  The  calculated  stress- 
vs.-strain  hysteresis  loops  agreed  closely 
with  those  obtained  in  experiments  (see 
figure).  In  another  test,  the  method  was 
applied  to  a  hot  thick-walled  cylinder  con- 
taining gas  under  pressure.  In  this  case, 
experimental  data  were  not  available,  but 
the  results  of  the  MARC  calculations 
agreed  well  with  those  obtained  from  an 
explicit  Euler  forward  integration  of  an  ex- 
act integral  representation  of  Robinson's 
model. 

This  work  was  done  by  V.  K.  Arya  and  A. 
Kaufman  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-89891  [N87-23010],  Price  Code:  A02 
"Finite  Element  Implementation  of  Robin- 
son 's  Unified  Viscoplastic  Model  and  Its 
Application  to  Some  Uniaxial  and  Multi- 
axial  Problems." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LEW-14712/TN 


These  Hysteresis  Loops  represent  uniaxial 
stress  and  strain  at  1,000°F  (538°C)  in  a 
chromium/molybdenum  steel  alloy. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P  0.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 
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Design  and  Fabrication  of 
Superconductors 

Progress  through  1982 
is  reviewed. 

A  report  reviews  selected  aspects  of  the 
technology  of  superconductors,  reflecting 
the  progress  of  recent  decades  ending  in 
the  year  1982.  In  particular,  it  provides  a 
fairly  comprehensive  discussion  of  the  de- 
sign and  fabrication  of  conventionally  and 
unconventionally  processed  composite 
superconductors  made  of  alloys  based  on 
Ti/Nb  and  on  A15  compounds  (Nb3Sn, 
V3Ga,  and  others). 

In  the  terminology  of  the  report,  "con- 
ventional" processes  are  those  that  involve 
the  heating  of  wires  drawn  from  packed 
mixtures  of  reactant  metal  powders,  the 
deposition  and  heating  of  reactant  metal 
powders  on  inert  metal-tape  substrates, 
and  the  CuA/3Ga  and  Cu/Nb3Sn  "bronze" 
processes,  in  which  filaments  of  V  or  Nb 
embedded  in  Cu/Ga  or  Sn  bronze  matrices 
are  heat-treated  to  convert  them  to,  or  en- 
crust them  with,  A1 5  compounds.  The  "un- 
conventional" processes  include  chemi- 
cal-vapor deposition  or  sputtering  (used 
with  Nb3Ge),  direct  reactions  between  the 
elements  (used  with  Nb^),  and  modified 
"bronze"  processes  that  incorporate 
these  techniques. 

The  first  two  sections  of  the  report  intro- 
duce the  general  properties  of  alloy  and 
compound  superconductors  and  the  re- 
quirements on  design  and  processing  for 
the  production  of  long  pieces  of  stable,  low- 
loss  conductor.  Section  3  deals  with  all 
aspects  of  flux-jump  stability  and  the  gen- 
eral requirements  of  cryogenic  stabiliza- 
tion. 


Section  4  discusses  the  design  of  con- 
ductors with  respect  to  ac  power  losses. 
Some  basic  formulas  describing  hysteretic 
and  eddy-current  losses  are  presented, 
and  the  influences  of  the  diameters  of  fila- 
ments and  strands,  the  twist  pitch,  and  the 
electrical  resistivity  of  the  matrix  are  dis- 
cussed. 

Section  5  describes  the  basic  tech- 
niques used  in  the  fabrication  of  conven- 
tional multifilamentary  conductors.  This 
description  is  generic  and  applicable  to  the 
pre-heat-treatment  phases  of  the  fabrica- 
tion of  both  alloy  and  compound  conduc- 
tors. 

Section  6  considers  conventional  Ti/Nb- 
base  composite  conductors.  Commencing 
with  a  brief  description  of  metaequilibrium 
and  equilibrium  Ti/Nb  phases,  the  metal- 
lurgical prerequisites  for  high  current- 
carrying  capacity  are  discussed.  With  this 
as  a  foundation,  the  section  goes  on  to  con- 
sider the  optimization  of  alloy  superconduc- 
tors via  adjustments  of  the  thermome- 
chanical  processes  used  to  make  them 
and  the  advances  that  have  recently  been 
made  toward  the  development  of  high-per- 
formance Ti/Nb-base  alloy  superconduc- 
tors. 

Section  7  discusses  early  and  uncon- 
ventional titanium-alloy  superconductors. 
It  refers  to  a  method  for  continuously  coat- 
ing a  superconducting  wire  or  tape  with  a 
stabilizing  layer  of  some  simple  or  noble 
metal,  "in  situ"  processing  of  composite 
conductors  by  directional  solidification, 


and  a  powder-metallurgical  technique. 

Section  8  deals  briefly  with  the  conven- 
tional processing  of  A15  conductors;  that 
is,  the  use  of  bronze-process  chemistry  in 
association  with  fabricated-billet  metal- 
working.  Emphasis  is  placed  on  the  various 
ways  in  which  Sn  can  be  introduced  to  the 
Nb,  process  control  of  flux-pinning  strength, 
and  the  effect  of  multicomponent  alloying 
on  the  superconducting  properties. 

Section  9  describes  several  unconven- 
tional processes  used  to  make  A15  super- 
conductors. It  discusses  the  optimization 
of  flux  pinning  and  critical  current  in  both 
powder-metallurgically  and  "in  situ"  proc- 
essed conductors  through  the  addition  of 
metallic  elements  either  internally  or  exter- 
nally and  through  the  control  of  the  sizes  of 
fibers  and  reaction-layer  grains.  The  ex- 
tents to  which  the  critical  current  densities 
of  conventionally  and  unconventionally 
processed  conductors  respond  to  stress 
or  strain  are  compared.  This  section  con- 
cludes with  a  discussion  of  ac  losses.  The 
review  is  illustrated  with  44  line  drawings 
and  29  photographs  and  lists  245  refer- 
ences. 

777/s  work  was  done  by  E.  W.  Collings  of 
Battelle  Memorial  Institute  for  Marshall 
Space  Flight  Center.  "Design  and 
Fabrication  of  Conventional  and  Un- 
conventional Superconductors. " 
MFS-27029/TN 
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Differential  Curing  in  Fiber/Resin  Laminates 

A  modified  layup  schedule  should  counteract  the  tendency  toward  delamination. 


A  proposed  differential-curing  tech- 
nique should  help  to  prevent  the  entrap- 
ment of  volatile  materials  during  the 
manufacturing  of  fiPer/resin  laminates. 
The  volatiles  are  released  during  the  cure 
of  the  resin.  It  is  necessary  to  remove  them 
because  they  give  rise  to  voids  and  delami- 
nations. 

In  the  conventional  (non-differential-cur- 
ing) manufacturing  process,  layers  of 
woven  fibers,  all  impregnated  by  the  same 
thermosetting  resin  (prepregs),  are  stacked 
on  a  mold,  then  covered  with  a  release  ma- 
terial and  a  bleeder  cloth.  The  entire  layup 
is  then  enclosed  in  a  vacuum  bag  and  heat- 
ed in  an  oven  or  autoclave  to  cure  the  res- 
in. The  vacuum  removes  the  volatiles  that 
diffuse  out  to  the  surface  of  the  laminate. 

The  rate  of  curing  of  the  resin  increases 
with  the  temperature.  Because  the  heat  of 
the  oven  or  autoclave  is  conducted  into  the 
curing  laminate  through  the  bag  and  the 
mold,  the  outer  plies  of  the  laminate  are  in- 
itially hotter,  and  therefore,  can  cure  before 
the  middle  plies  do.  If  the  outer  plies  on  the 
bag  side  cure  first,  they  can  trap  the  vola- 
tiles inside. 


The  improved  manufacturing  process 
would  resemble  the  conventional  process, 
except  that  prepregs  that  have  been  par- 
tially cured  would  be  laid  on  the  mold  in  a 
sequence  in  which  the  degree  of  partial 
cure  decreases  from  the  mold  side  to  the 
bag  side.  The  degree  of  partial  cure  of 
each  layer  at  the  time  of  layup  can  be  se- 
lected by  controlling  the  storage  and  par- 
tial-curing temperatures  of  the  prepreg  ac- 
cording to  an  Arrhenius  equation  for  the 
rate  of  gel  of  the  resin  as  a  function  of  tem- 
perature and  time  from  the  moment  of  mix- 
ing. The  differential  advancement  of  the 
cure  in  the  layers  would  be  made  large 
enough  to  offset  the  effect  of  advance  bag- 
side  heating  in  the  oven  or  autoclave.  Thus, 
the  inner  layers  would  cure  before  the  out- 
er layers,  allowing  the  volatiles  to  escape. 

In  an  alternative  version  of  the  process, 
the  prepregs  would  be  uncured  or  partially 
cured  to  the  same  degree  and  kept  in  cold 
storage.  One  prepreg  would  be  taken  from 
storage,  placed  on  the  mold,  and  heated  to 
a  moderate  temperature  for  a  short  time  to 
obtain  a  partial  cure.  Another  prepreg 


would  then  be  taken  from  storage,  placed 
on  the  first  prepreg,  and  the  resulting  layup 
heated  again  to  cure  the  first  layer  further 
and  begin  the  cure  of  the  second  layer.  This 
process  would  be  repeated  until  all  the 
layers  are  in  place.  The  laminate  would 
then  be  vacuum-bagged  and  autoclaved  to 
complete  the  cure. 

This  work  was  done  by  Charles  N. 
Webster  of  LTV  Missies  and  Electronics 
Group  for  Johnson  Space  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel. 
Johnson  Space  Center.  Refer  to 
MSC-21376/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
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Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 
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Diphenylpolyynes  for  Nonlinear  Optical  Devices 

Donor/acceptor  molecules  have  second-order  nonlinear  electric  susceptibilities. 


Several  diphenylpolyyne  compounds 
have  been  found  to  exhibit  second-order 
nonlinear  electric  susceptibilities  and 
chemical  structures  conducive  to  orienta- 
tion in  appropriate  chemical  environments. 
These  features  make  the  new  materials 
suitable  for  use  in  optical  devices. 

The  molecules  that  have  been  synthe- 
sized are  shown  in  the  table  below: 
Asymmetric  Substituted  Diphenylacetylenes 

R1HQ-POn-Q-R2 


No. 

«1 

R2 

n 

1 

NH2— 

— N02 

1 

2 

NH2— 

— N02 

2 

3 

NH2— 

— N02 

3 

4 

CH3S— 

— N02 

1 

5 

CH3S— 

— N02 

2 

6 

NH2— 

— CN 

1 

7 

NH2— 

— CN 

2 

8 

CH3S— 

— CN 

1 

9 

CH3S— 

— CN 

2 

10 

NH2— 

— C02CH3 

1 

11 

NH2— 

— C02CH3 

2 

The  important  feature  of  these  molecules 
is  the  presence  of  electron-donor  func- 
tional groups  (the  R1  groups  shown  on  the 


left)  and  electron-acceptor  functional 
groups  (R2)  separated  by  conjugated  rigid- 
rod  linking  groups.  The  particular  combina- 
tion of  donor  and  acceptor  groups  gives 
rise  to  the  second-order  nonlinear  pheno- 
menon, which  has  been  detected  via  the 
generation  of  second  harmonics  in  several 
specimens  of  these  materials.  For  exam- 
ple, for  converting  1064  nm  to  532  nm, 
compounds  4,  10,  and  11  have  powder 
second-harmonic  efficiencies  of  65,  120, 
and  17,  respectively,  relative  to  a  urea  ref- 
erence sample. 

The  diphenylacetylene  links  give  the 
molecules  rodlike  characteristics  that 
make  them  amenable  to  orientation  by 
suspension  in  liquid  crystals.  The  new 
molecules  may  also  have  inherent  liquid- 
crystalline  properties  that  enable  them  to 
be  oriented  directly. 

This  work  was  done  by  Albert  E.  Stiegman, 
Joseph  W.  Perry,  and  Daniel  R.  Coulter  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. For  further  information,  Circle  35 
on  the  TSP  Request  Card. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 


license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA's  Resident  Office-JPL. 
Refer  to  NP0-17572/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Effects  of  Twist  on 
Ceramic  Threads 

Twist  sometimes  does 
and  sometimes  does  not 
increase  strength. 

A  report  describes  a  study  of  the  effects 
of  yarn  twist  and  other  manufacturing  pa- 
rameters on  the  strength  of  ceramic  sew- 
ing threads.  Such  threads  are  used  to 
stitch  insulating  blankets  for  reusable 
spacecraft;  they  must  resist  the  high  tem- 
peratures and  high  aerodynamic  loads  of 
reentry  into  the  atmosphere  of  the  Earth. 

Three  types  of  thread  were  considered: 
silica,  aluminoborosilicate  (ABS)  with  14 
percent  boria,  and  ABS  with  2  percent 
boria.  To  make  the  silica  thread,  eight  silica 
yarns  with  a  silane  finish  were  twisted  into 
four  pairs,  and  the  four  pairs  were  twisted 
together.  Each  of  the  ABS  threads  was 
made  from  four  ABS  yarns  and  a  rayon 
service  yarn.  All  of  the  ABS  threads  were 
coated  with  a  copolymer  sizing  to  enhance 
lubricity.  The  threads  were  made  with 
various  twists  ranging  from  59  to  394  turns 
per  meter.  They  were  tested  for  strength  at 
temperatures  ranging  from  23  to  1,200  °C. 

For  silica  thread,  the  best  twist  was 
found  to  be  300  turns  per  meter.  This  twist 
produced  the  highest  break  strength  at 
temperatures  up  to  about  540  °C,  at  and 
beyond  which  heat  destroys  the  silane 
finish.  At  1,200  °C,  the  strengthening  ef- 


fects of  twist  are  nullified  by  annealing  of 
the  silica. 

The  overall  strengths  of  both  ABS 
threads  are  higher  than  that  of  the  silica 
thread.  For  both  ABS  threads,  the  break 
strengths  decrease  with  increasing  twist 
up  to  600  °C,  at  which  temperature  both 
the  copolymer  sizing  and  rayon  service 
yarn  are  removed.  This  loss  of  strength  is 
due  to  the  breakage  of  yarns  during  fabri- 
cation as  higher  loads  are  placed  on  the 
yarns  by  increased  twist. 

The  differences  between  the  behaviors 
of  the  silica  and  ABS  threads  can  be  attrib- 
uted in  part  to  the  combined  effects  of  the 
sizing  and  of  the  service  yarn  in  the  ABS 
threads.  Apparently,  the  sizing  acts  as  a 
sheath  that  holds  the  twisted  thread  tightly 
together,  minimizing  the  slippage  of  yarns 
during  tensile  loading.  Above  600  °C,  the 
strength  of  the  ABS  threads  is  no  longer 
controlled  by  twist,  sizing,  or  service  yarn, 
but  by  thermally-induced  compositional 
and  structural  changes  in  the  ABS  fibers. 

The  2-percent-boria  ABS  thread  has  the 
highest  strength  at  all  temperatures.  As  the 
temperature  rises  from  ambient  to  600  °C, 
the  sizing  and  service  yarn  burn  off,  with  a 


consequent  reduction  in  the  strengths  of 
all  the  threads.  Regardless  of  twist,  at 
1,200  °C  the  silica  thread  retains  only  about 
25  percent  of  its  original  strength,  while  the 
low-  and  high-boria  ABS  threads  retain 
about  45  and  14  percent,  respectively. 

This  work  was  done  by  Paul  M.  Sawko  of 
Ames  Research  Center  and  Huy  Kim 
Tran  of  San  Jose  State  University.  To  obtain 
a  copy  of  the  report,  "Influence  of  Thread 
Construction  on  Strength  of  Ceramic  Sew- 
ing Threads," 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center.  Refer  to 
ARC-11849/TN. 

Ames  Research  Ctr. 

Technology  Utilization 
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Graphite  Fluoride  Fiber  Composites  for  Heat  Sinking 

These  electrically  insulating  materials  are  unusually  thermally  conductive. 


Electrically-insulating  engineering  mater- 
ials are  generally  also  thermally  insulating, 
and  the  latter  property  is  a  disadvantage  in 
many  electrical  systems.  This  is  because 
heat  produced  by  the  system  is  dissipated 
very  slowly  through  the  thermal  insulator,  re- 
sulting in  an  accumulation  of  waste  energy 
and  requiring  an  increase  in  the  rejection 
temperature.  Consequently,  degradation 
of  electrical  performance  may  occur,  and 
the  life  and  reliability  of  the  system  may  be 
compromised.  This  is  especially  true  for 
state-of-the-art  electrical  systems,  where 
higher  power  levels  are  being  dissipated 
from  smaller  volumes. 

Graphite  fluoride  fiber/polymer  compos- 
ite materials  consist  of  graphite  fluoride  fi- 
bers in  epoxy,  polytetrafluoroethylene,  or 
polyimide  resin.  They  combine  high  elec- 
trical resistivity  with  high  thermal  conduc- 
tivity and  thus  may  solve  the  heat-transfer 
problems  of  many  electrical  systems.  Pos- 
sible applications  include  printed-circuit 
boards  for  high-density  power  electronics, 
insulators  for  magnetic-field  cores  like 
those  found  in  alternators  and  transform- 
ers, substrates  for  thin-film  resistors,  and 
electrical-protection  layers  in  aircraft  de- 
icers. 


Graphite  fluoride  is  commercially  avail- 
able in  powder  form,  for  use  as  a  dry  lubri- 
cant or  cathode  material  in  lithium  bat- 
teries. It  is  produced  by  direct  fluorination 
of  graphite  powder  at  a  temperature  of  400 
to  650  °C.  Direct  fluorination  of  graphite 
fibers  results  in  structural  damage  to  the 
fibers  and  consequent  reduction  in  the 
thermal  conductivity  of  the  fibers.  Before 
fluorination,  the  major  mechanism  for  heat 
conduction  (i.e.,  the  transmission  of  molec- 
ular vibrations  via  the  carbon/carbon  dou- 
ble bonds)  is  such  that  single  crystals  of 
graphite  have  four  times  the  thermal  con- 
ductivity of  copper,  and  a  high-modulus 
graphite  fiber  has  a  thermal  conductivity 
comparable  to  that  of  copper  at  room  tem- 
perature. 

The  damage  to  the  fibers  due  to  fluorina- 
tion can  be  reduced  by  first  intercalating 
the  fibers  with  bromine  or  fluorine/metal 
fluoride.  To  some  extent,  the  treated  fibers 
can  then  react  with  fluorine  at  lower  tem- 
perature and  less  reaction  time,  without 
suffering  structural  damage. 

The  thermal  conductivities  of  graphite 
fluoride  fibers  produced  in  this  manner 
ranged  from  5  to  75  W/(m.K),  compared  to 


glass  at  1.1  W/(m.K)  and  stainless  steel  at 
15  W/(m.K).  The  electrical  resistivities  of 
these  fibers  ranged  from  10_2to  larger 
than  1011  ohm.cm.  The  particular  graphite 
fiber  used,  the  preprocessing,  and  the 
fluorination  temperature  all  affected  the 
thermal  conductivities  of  the  final  prod- 
ucts. 

777/s  work  was  done  by  Ching-cheh 
Hung  of  Lewis  Research  Center  and 
Martin  Long  and  Mark  Stahl  of  Cleveland 
State  University.  Further  information  may 
be  found  in  NASA  TM-100156[N87-26232/ 
NSP],  Price  Code:  A02  "Synthesis, 
Physical  and  Chemical  Properties,  and 
Potential  Applications  of  Graphite  Fluoride 
Fibers." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Lewis  Research  Center.  Refer  to 
LEW-14472/TN. 

Lewis  Research  Center 
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Growing  Gallium  Arsenide  on  Silicon 

Epitaxial  layers  of  high  quality  are  formed  on  the  <111>  crystal  plane. 


Almost  all  studies  reported  to  date  have 
employed  Si<100>  wafers  as  suPst  rates 
for  the  fabrication  of  GaAs/AIGaAs  lasers 
as  well  as  other  GaAs  devices.  The  <100> 
orientation  has  been  selected  over  others, 
a  natural  consequence  of  its  compatability 
with  the  existing,  well-established  Si<100> 
VLSI  (very-large-scale  integration)  techno- 
logy. Insofar  as  growth  of  GaAs  on  Si 
crystal  orientations  other  than  <100>  is 
concerned,  very  little  information  is  availa- 
ble. One  study  investigated  the  molecular- 
beam  epitaxy  (MBE)  growth  of  GaAs  on 
Si<211>  and  also  compared  the  growth  of 
a  200-nm-thick  GaAs  layer  on  four  different 
substrate  orientations,  namely  Si<211>, 
<110>,  <111>,  and  <100>.  However,  the 
growth  on  Si<111>  was  described  as 
being  discontinuous.  Significant  areas  of 
the  <  1 1 1  >  wafers  were  found  to  exhibit  no 
growth  of  GaAs  on  them,  attributed  to  the 
difficulty  of  nucleation  of  GaAs  on  the 
Si<111>  surface. 

The  present  work  reports  successful 
growth  of  1-  and  2-^m  thick  layers  of  an 
n-type,  7-Q»cm,  2-inch  (5-cm)  diameter, 
Si<111>  substrate.  The  growth  was  con- 
ducted in  the  Riber-2300®  MBE  system. 
Both  doped  and  undoped  layers  of  GaAs 
were  grown.  The  Si<111>  substrates  that 


were  on  axis  (within  ±  Vz  °)  as  well  as  off- 
axis  toward  the  110  axis  were  employed. 

Following  an  initial  degreasing  step  (tri- 
chloroethylene,  acetone,  and  methanol), 
the  Si<111>  wafers  were  first  boiled  in  a  1:1 
nitric  acid/sulfuric  acid  solution  for  5  min, 
then  chemically  oxidized  in  a  1:1:5  mixture 
of  hydrochloric  acid,  hydrogen  peroxide, 
and  water.  The  oxide  was  etched  in  a  dilute 
hydrofluoric  acid  solution  (10  percent).  The 
sequence  of  chemical  oxidation/oxide-re- 
moval was  repeated  three  times.  Finally, 
an  oxide  layer  was  grown,  and  the  wafers 
were  rinsed  in  deionized  water  and  blown 
dry  with  N2. 

The  chemical  oxide  grown  on  Si  by  the 
above  recipe  was  approximately  10  A 
thick,  as  measured  by  photoelectron  spec- 
troscopy. Oxide-coated  Si  wafers  were 
loaded  into  a  N2  load-lock  chamber.  They 
were  then  spin-etched  with  a  1 :5  solution  of 
hydrofluoric  acid  in  ethanol  to  remove  the 
oxide,  before  being  transferred  into  the 
MBE  growth  chamber.  Growth  of  GaAs  on 
the  Si<111>  surface  was  initiated  by  a  4-s 
exposure  to  As  at  a  substrate  temperature 
of  ~400  °C.  With  the  surface  primed  by  As, 
the  Ga  shutter  was  also  opened,  and  GaAs 
was  nucleated  at  the  rate  of  0.1  mono- 
layers. The  slow  growth  was  continued 


for  10  min,  which  corresponded  to  60  mon- 
olayers of  GaAs.  During  this  growth,  the 
substrate  temperature  was  gradually 
ramped  up  to  ~580  °C,  and,  at  this  stage, 
faster  growth  was  carried  out  continuously 
at  the  rate  of  1  monolayer/s  (1  fjmlb). 

The  MBE  growth  chamber  was  equip- 
ped with  an  electron  gun  and  camera  for 
in-situ  reflection  high-energy-electron  dif- 
fraction (RHEED)  measurements.  RHEED 
patterns  of  the  surface  were  monitored 
continuously  during  the  slow  growth  stage. 

This  work  was  done  by  Gouri 
Radhakrishnan  ofCaltech  for  NASA's  Jet 
Propulsion  Laboratory 

NPO-17360/TN 
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Improving  Silicon 
Carbide/Silicon 
Nitride  Fibers 

Strengths  might  be  increased 
through  modifications  in  the 
monomeric  precursors. 

Experiments  described  in  a  report  indi- 
cate that  the  properties  of  silicon  carbide/ 
silicon  nitride  fibers  may  change  significantly 
with  modifications  of  the  monomeric  precur- 
sors. This  allows  the  possibility  of  creating 
improved  silicon  carbide/silicon  nitride 
fibers,  which  could  replace  graphite  fibers 
in  composite  materials  requiring  high  elec- 
trical resistance  and  thermal  stability. 

In  the  preparation  of  silicon  carbide/sili- 
con nitride  fibers,  tris  (alkyl-  or  arylami- 
no)silanes  are  prepared  by  the  dropwise 
addition  of  methyl  or  phenyl  trichlorosilane 
to  a  solution  of  the  alkyl  or  aryl  amine  in 
toluene  or  petroleum  ether  at  a  low  tem- 
perature under  dry  nitrogen.  After  addition 
is  complete,  the  solution  is  refluxed  for  one 
hour.  The  mixture  is  then  filtered  to  remove 
salt  produced  during  the  reaction,  and  the 
product  is  purified  by  distillation  at  reduced 
pressure. 

The  monomers  are  polymerized  by  heat- 
ing to  temperatures  above  500  °C.  Fibers 
are  drawn  from  a  resin  melt  under  a  stream 
of  dry  nitrogen,  cured  in  an  environmental 
chamber  at  100  °C  and  95  percent  relative 
humidity  until  unmeltable,  then  placed 


under  tension  and  pyrolyzed  at  1,200  to 
1,500  °C  to  produce  the  inorganic  silicon 
carbide/silicon  nitride  fibers. 

Silicon  carbide/silicon  nitride  fibers 
made  from  the  tris  (N-methylamino)methyl- 
silane  (TMMS)  monomer  have  a  tensile 
modulus  of  approximately  29  x  106  psi 
(2.0  x  lO^N/m2).  At  this  stage  of  develop- 
ment, the  modulus  compares  favorably 
with  the  average  value  of  55  x  106  psi 
(3.8  x  1011N/m2)  for  graphite  fibers.  The 
electrical  resistivity  of  the  silicon  car- 
bide/silicon nitride  fibers,  7  x  108  ohm- 
cm,  lies  in  the  semiconductor  range,  but 
approaches  the  value  of  a  true  insulator 
(>1012  ohm-cm). 

Although  fibers  formed  from  TMMS  thus 
show  great  potential,  further  development 
is  required.  Structural  modification  of  the 
monomer  might  lead  to  polycarbosila- 
zanes  exhibiting  lower  pyrolytic  mass  loss 
and  shrinkage  and,  hence,  fewer  fiber  de- 
fects in  the  resulting  silicon  carbide/silicon 
nitride  fibers.  Attempted  polymerization  of 
tris  (anilino)methylsilane  (TAMS)  and  tris 
(N-propylamino)methylsilane  (TPMS)  mo- 
nomers has  failed  to  yield  a  resin  suitable 


for  fiber  formation,  perhaps  because  opti- 
mal polymerization  conditions  have  not  yet 
been  determined.  Although  these  prelimi- 
nary findings  suggest  that  monomers  with 
larger  alkyl  groups  will  alter  the  properties 
of  the  silicon  carbide/silicon  nitride  fiber 
precursors  disadvantageously,  consider- 
able work  remains  before  rigid  conclusions 
can  be  drawn.  Indications  are  that  fiber 
properties  will  change  significantly  with 
minor  structural  modifications  in  the  mono- 
mer, but  only  when  a  large  number  of  pure 
polymers  are  available  will  these  proper- 
ties be  finely  tuned.  Perhaps  copolymers  or 
blends  of  several  polycarbosilazanes  will 
yield  the  best  silicon  carbide/silicon  nitride 
fibers. 

77?/s  work  was  done  by  David  J.  Crouse 
and  Benjamin  G.  Pennof  Tennessee  Tech- 
nological University  for  Marshall  Space 
Flight  Center.  "Silicon  Carbide-Silicon 
Nitride  Fibers:  Preparation  and  Char- 
acterization of  Polycarbosilazane 
Precursors. 
MFS-27101/TN 
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Laser-Assisted  Growth  of  AIGaAs  Films 

An  excimer  laser  enhances  growth  by  organometallic  chemical-vapor  deposition. 


Films  of  aluminum  gallium  arsenide  can 
be  grown  on  gallium  arsenide  by  laser-as- 
sisted organometallic  chemical-vapor  de- 
position. The  films  are  single-crystal  and 
contain  no  detectable  oxygen  or  carbon. 

A  cleaned  substrate  of  GaAs  with  (100) 
orientation  is  placed  in  a  rf-heated  reactor 
(see  figure).  A  fused-silica  window  admits 
light  from  a  KrF  excimer  laser  at  a  wave- 
length of  193  nm,  which  is  focused  into  a 
beam  of  6-  by  20-mm  cross  section  and 
impinges  on  the  substrate  at  a  grazing  an- 
gle of  15° 

After  an  initial  purge  with  hydrogen,  the 
temperature  is  raised  to  400  °C,  a  flow  of 
arsine  gas  is  introduced,  and  the  laser  is 
turned  on.  The  laser  is  then  turned  off  while 
flows  of  trimethyl  gallium  and  trimethyl 
aluminum  are  introduced.  The  laser  is  then 
turned  on  again,  and  deposition  proceeds 
at  a  rate  of  45  A/min. 

The  film  grows  much  more  rapidly  at 
500  °C  than  at  450  °C.  Moreover,  a  slight 
amount  of  interfacial  oxygen  is  detectable 
in  the  film  deposited  at  the  lower  tempera- 
ture. 


Radio-Frequency 
Induction  Coil 


Deposition 
Gases 


Cross  Section  ot 
Laser  Beam 


Fused-Silica 
Window 


Cooling 
Water 


Graphite 
Platform 


'Substrate 


A  Laser  Beam  Impinges  on  a  Substrate  in  a  quartz  reaction  chamber  surrounded  by  radio- 
frequency  induction  coils. 


This  work  was  done  by  Joseph  D.  Warner, 
David  M.  Wilt,  John  J.  Pouch,  and  Paul  R. 
Aron  of  Lewis  Research  Center.  Further 
information  may  be  found  in  NASA  TM- 
88937  [N87-23304/NSP],  Price  Code: 
A02  "AIGaAs  Growth  by  OMCVD  Using 
An  Excimer  Laser." 


Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
LEW -1 4638 /TN 
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Laser/Plasma/Chemical-Vapor  Deposition  of  Diamond 

The  deposition  of  graphite  would  be  suppressed. 


A  proposed  process  for  the  deposition 
of  diamond  films  would  include  a  combina- 
tion of  plasma  induced  in  a  hydrocarbon 
feed  gas  by  microwave  radiation  and  ir- 
radiation of  the  plasma  and  substrate  by 
lasers.  At  present,  the  operating  conditions 
for  the  deposition  of  diamond  films  of  high 
quality  are  unknown,  principally  because 
the  physical  and  chemical  interactions  in- 
volved in  the  process  are  understood  only 
dimly.  Therefore,  a  program  of  research 
and  development  has  also  been  proposed. 

Previous  experiments  have  revealed 
three  major  problems  in  the  chemical-va- 
por deposition  of  high-quality  (preferably 
single-crystal)  diamond  films.  The  first  is  to 
avoid  the  codeposition  of  other  phases  — 
primarily  graphite,  in  which  the  carbon 
atoms  have  the  trigonal  sp2  configuration. 
Graphite  hinders  the  formation  of  diamond 
and  prematurely  terminates  the  growth  of 
single  crystals  because  diamond  requires 
the  tetrahedral  sp3  configuration. 

The  second  problem  is  to  maintain  the 
structural  stability  of  the  sp3  phase  during 
the  process.  A  well-accepted  way  to  do  this 
is  to  introduce  monatomic  hydrogen,  which 
binds  the  metastable  sp3  structure,  passiv- 
ates  the  dangling  bonds  on  the  surface, 
suppresses  the  deposition  of  graphite,  and 
tends  to  transform  existing  graphite-rich 
carbon  into  diamondlike  carbon  at  high 


temperature.  However,  the  exact  role  of 
monatomic  hydrogen  in  the  molecular 
structure  and  sequence  of  reactions  re- 
mains to  be  determined. 

The  third  problem  is  to  determine  and 
obtain  the  directed  kinetic,  thermal,  and  ex- 
citation energies  of  the  atomic  and  molec- 
ular species  in  the  plasma  that  will  result  in 
the  formation  of  a  hard,  stable,  adherent 
film.  For  example,  previous  experience  sug- 
gests that  in  conventional  chemical-vapor 
deposition,  many  hydrogen  atoms  are  not 
accelerated  into  the  deposit  with  sufficient 
energy  to  form  stable  chemical  bonds. 

In  the  proposed  process,  the  reaction 
chamber  would  be  irradiated  at  a  wave- 
length that  would  favor  the  polymerization 
of  CH2  radicals  (which  have  the  sp2  config- 
uration) into  powders  that  could  be  filtered 
out  of  the  gas.  The  CH3  radicals,  which 
have  the  desired  sp3  configuration,  would 
remain  in  the  gas  to  serve  as  precursors 
for  deposition.  The  feed  gas  would  be  se- 
lected to  favor  the  formation  of  CH3  radi- 
cals; candidates  include  CH4,  C2H4,  C2H2, 
and  C2H6. 

The  plasma  would  be  produced  by  ap- 
plying sufficient  power  at  a  frequency  of 
2.45  GHz  and  adjusting  the  density  of  the 
gas  to  obtain  electron  kinetic  energies 
around  100  eV  in  the  low-pressure,  low- 
temperature  regime.  This  mode  of  opera- 


tion should  provide  the  energy  needed  for 
dissociation  of  molecules  by  the  impacts  of 
electrons,  for  the  transport  of  fragmented 
radicals,  and  for  chemical  binding  in  depo- 
sition. The  surface  of  the  deposit  would  be 
irradiated  with  an  ArF  (193-nm)  or  other 
ultraviolet  excimer  laser  to  provide  energy 
precisely  where  it  is  needed  to  facilitate 
condensation  and  the  formation  of  a  single 
crystal. 

Research  is  required  to  develop  the  un- 
derstanding of  the  chemical-vapor  deposi- 
tion process  so  that  the  growth  of  diamond 
films  can  be  controlled.  A  principal  issue  is 
the  minimization  of  homogeneous  nuclea- 
tion  and  maximization  of  heterogeneous 
nucleation  to  maintain  the  single  crystal- 
line structure.  Another  issue  that  must  be 
addressed  includes  the  preparation  of  the 
substrate  and  the  monatomicoxygen  en- 
vironment for  deposition.  It  would  also  be 
desirable  to  study  the  adhesion  of  films  and 
the  variation  of  their  structures  and  proper- 
ties (for  example,  from  brittle  to  flexible  and 
elastomerlike)  for  use  as  various  kinds  of 
protective  and/or  lubricating  coats. 

This  work  was  done  by  George  C.  Hsu  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory.    NPO-17487/TN 
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Roughening  Surfaces  of  Solar  Cells 

Bombardment  by  ions  prepares  silicon  for  a  roughening  etch. 


A  proposed  treatment  that  involves 
bomPardment  by  ions  would  give  silicon 
solar  cells  rough  surfaces  and  thus  in- 
crease the  amount  of  light  absorbed  by  the 
cells.  A  smooth  cell  surface  reflects  about 
30  percent  of  the  incident  light,  but  a  tex- 
tured surface  bounces  rays  from  facet  to 
facet,  giving  them  more  opportunities  to  be 
absorbed  and  increasing  the  photovoltaic 
energy-conversion  efficiency  (see  figure). 


Although  an  antireflection  coating  also 
increases  the  absorption  of  light,  it  is  op- 
timally matched  in  only  a  limited  wave- 
length range  unless  a  graded-refractive- 
index  coating  is  applied  —  a  difficult  and 
costly  procedure.  A  textured  surface,  in 
contrast,  increases  absorption  over  the  full 
spectrum  of  Sunlight. 

In  the  first  step  of  the  treatment,  a  wafer 
of  single-crystal  silicon  would  be  held  at  a 


Photovoltaic  Conversion  Efficiency  Increases  with  the  number  of  reflections  at  the  surface 
of  a  silicon  cell  because  a  large  part  of  the  light  is  absorbed  at  each  reflection.  A  deeply  tex- 
tured surface  provides  opportunities  for  multiple  reflections. 


temperature  of  70  °C  or  higher  while  it  is 
bombarded  with  argon  or  hydrogen  ions  at 
kinetic  energies  between  100  and  2,000 
eV.  The  total  dose  should  be  at  least 
1018  ions/cm2.  This  high  dose  would  pro- 
duce a  damaged  layer  on  the  surface,  con- 
sisting of  an  outer  polycrystalline  sublayer 
and  an  underlying  sublayer  containing  ex- 
tended defects. 

The  bombarded  wafer  would  then  be 
etched  chemically.  The  etchant  would 
readily  attack  the  randomly-oriented  poly- 
crystalline layer,  removing  silicon  at  differ- 
ent speeds  depending  on  the  orientations 
of  the  crystalline  grains.  Etchant  that  pene- 
trates into  the  extended-defect  layer  would 
also  remove  material  at  different  rates 
around  the  defects.  The  result  should  be  a 
rough  surface. 

If  hydrogen  ions  are  used  in  the  bom- 
bardment, there  should  be  an  additional  in- 
crease in  efficiency  beyond  that  due  to 
roughening  alone:  Implanted  hydrogen 
ions  should  passivate  defects  in  the  bulk 
silicon.  More  minority  carriers  would  be 
generated  and  collected  as  a  result,  and 
conversion  efficiency  would  increase  ac- 
cordingly. 

This  work  was  done  by  Ranbir  Singh  and 
S.  J.  Fonash  of  The  Pennsylvania  State  Uni- 
versity for  NASA's  Jet  Propulsion  Labo- 
ratory.     NPO-17295/TN 
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Study  of  Phase 
Separation  in  Glass 

The  effect  of  the  hydroxide 
content  is  examined. 

A  report  describes  an  experimental 
study  of  the  effect  of  the  hydroxide  content 
on  phase  separation  in  soda/silica  glasses. 
Studies  like  this  one  may  eventually  help 
material  scientists  to  find  ways  to  control 
the  morphology  of  phase  separation, 
which  is  desirable  because  it  is  instrument- 
al in  determining  the  physical  and 
mechanical  properties  of  glasses. 

Ordinary  and  gel  glasses  were  melted  at 
1,565  °C,  and  the  melts  were  stirred 
periodically.  "Wet"  glasses  were  produced 
by  passing  bubbles  of  N2  saturated  with 
water  through  the  melts;  "dry"  glasses 
were  prepared  in  a  similar  manner,  except 
that  the  N2  was  dried  before  passage 
through  the  melts. 

Atomic  absorption  was  used  to  analyze 
trace  impurities  in  the  glasses.  Analyses  of 
the  compositions  of  the  glasses  were  per- 
formed by  atomic-absorption  and  index-of- 
refraction  measurements.  The  hydroxyl 
contents  of  the  glasses  were  measured  by 
the  absorption  of  infrared  radiation. 

Samples  of  each  glass  were  heated  to 
590  °C  and  held  at  that  temperature  for 


various  intervals  to  promote  phase  separa- 
tion. The  samples  were  then  examined  by 
small-angle  x-ray  scattering:  the  intensity 
of  the  scattered  x-radiation  as  a  function  of 
the  scattering  angle  depends  on,  and  can 
be  interpreted  in  terms  of,  the  nature, 
sizes,  and  distribution  of  the  phase-sepa- 
rated regions  or  particles  that  cause  the 
scattering. 

The  x-ray  scattering  data  had  features 
that  would  be  expected  in  scattering  by 
particles  of  a  minor  phase.  Replication 
electron  micrographs  that  were  made  of 
selected  samples  confirmed  the  particle- 
like nature  of  the  minor  phase  and  ap- 
peared to  indicate  that  the  particles  were 
approximately  spherical.  The  scattering 
data  from  samples  heated  for  longer  times 
indicated  that  the  larger  particles  con- 
tinued to  grow,  while  the  smaller  ones  tend- 
ed to  disappear.  This  suggests  that  the 
particle-size  distribution  changes  via  an 
Ostwald  coarsening  process  rather  than 
by  simple  diffusion-controlled  growth. 

The  rates  of  growth  deduced  from  the 
scattering  data  were  greater  in  the  glasses 


that  contained  more  water.  There  were 
minor  differences  between  growth  in  the 
gel  and  in  the  ordinary  glasses,  but  these 
may  be  due  to  slight  differences  in  com- 
position. Thus,  the  authors  conclude  that 
hydroxide  speeds  up  phase  separation,  re- 
gardless of  the  method  (gel  or  ordinary)  by 
which  the  glass  was  prepared. 

The  authors  of  a  previous  study  had 
concluded  that  the  primary  effect  of  the 
hydroxide  was  to  hasten  the  nucleation 
(rather  than  the  growth).  This  study  yielded 
no  information  on  nucleation  rates;  such 
information  would  have  to  be  obtained 
from  further  studies  of  the  early  stage  of 
phase  separation. 

This  work  was  done  by  George  F. 
Neilson,  Michael  C.  Weinberg,  and  Gary  L 
Smith  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  "Effect  of  Hydroxide 
Content  on  Phase  Separation  Behavior  of 
Soda-Silica  Glasses. " 
NPO-16796/TN 
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Shatter-Resistant, 

Flame-Resistant 

Window 

Clear  plastic  and  mineral 
sheets  are  joined. 

A  combustion-chamber  window  com- 
bines the  properties  of  polycarbonate  and 
sapphire.  The  inner  layer  of  sapphire,  al- 
though brittle,  withstands  the  flame  in  the 
chamber.  The  outer  layer  of  polycarbonate 
is  tough  but  susceptible  to  weakening  by 
the  flame  and  is  protected  from  the  flame 
by  the  sapphire  layer.  The  result  (see  figure) 
is  a  window  that  resists  flames,  shattering, 
and  high  pressures. 

The  layers  are  bonded  together  by  an 
adhesive  to  eliminate  a  gap  between  them, 
which  would  reduce  the  light  transmitted 
through  the  window.  With  the  gap  elimi- 
nated, subtle  combustion  effects  can  be 
observed  and  photographed. 

The  surfaces  of  the  layers  are  thorough- 
ly cleaned  before  assembly.  First  ethyl 
alcohol,  then  ammonium  hydroxide  are  ap- 
plied with  a  cotton  pad.  Several  applica- 
tions of  the  solvents  are  necessary,  and 
care  must  be  taken  to  avoid  scratching  the 
polycarbonate.  The  cleaned  surfaces  are 
exposed  to  a  stream  of  ionized  air  to  re- 
move dust  and  static  electricity. 

About  15  drops  of  a  commercial  optical 
adhesive  (Norland  No.  68  or  equivalent) 
are  applied  to  the  flattest  side  of  the  poly- 
carbonate piece  in  a  pattern  to  provide 


The  Polycarbonate/Sapphire  Sandwich  Is  a 
safe,  reliable  window  for  a  pressurized  or 
evacuated  combustion  chamber.  The  win- 
dow Is  2  V*  in.  high  and  51A  in.  long  (7  by  13.3 
cm).  The  polycarbonate  layer  (toward  the 
rear  In  this  photograph)  is  one-half  in.  (12.7 
mm)  thick;  the  sapphire  is  substantially 
thinner. 

even  coverage.  When  the  adhesive  has 
spread  out  evenly  under  its  own  weight, 
trapped  air  bubbles  are  removed.  The  sap- 
phire plate  is  lowered  onto  the  adhesive, 
and  a  weight  is  placed  on  the  sapphire. 
After  about  half  an  hour,  the  adhesive  layer 
spreads  to  the  edges,  and  any  remaining 
air  bubbles  are  expelled  along  with  excess 
adhesive. 


The  sapphire/adhesive/polycarbonate 
sandwich  is  exposed  to  long-wave  ultravio- 
let light  for  6  hours  to  cure  the  adhesive.  A 
tent-shaped  reflector  over  the  ultraviolet 
lamp  and  the  assembly  concentrates  the 
light. 

The  windows  withstand  60  lb/in.2  (414 
kPa)  in  a  hydrostatic  pressure  vessel.  They 
also  survive  a  leak  test  under  an  internal 
pressure  of  2  atm  (0.2  MPa)  of  helium  and 
external  pressure  of  10  ~5  torr  (1.3  mPa). 
The  windows  have  a  transmission  density 
of  0.08  to  0.11  in  visible  light.  In  contrast,  the 
unbonded  layers  have  a  transmission  den- 
sity of  0.13  to  0.16. 

This  work  was  done  by  William  R. 
Richardson  and  Ernie  D.  Walker  of  Lewis 
Research  Center.  Further  information 
may  be  found  in  NASA  TM-100188  [N87- 
28880],  Price  Code:  A02  "Bonding  Lexan 
and  Sapphire  to  Form  High-Pressure, 
Flame-Resistant  Window." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14743/TN. 
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Surface  Halogenation  of  High-Temperature  Superconductors 

Nonaqueous  chemical  etching  and  passivation  yield  improved  surfaces. 

Surface  halogenation  is  an  experimen- 
tal technique  of  postgrowth  nonaqueous 
chemical  processing  of  high-temperature 
superconductors.  Research  continues  in 
the  use  of  this  technique  to  obtain  super- 
conducting and/or  passivated  surfaces,  to 
etch  bulk  superconductors,  and  to  make 
low-resistance  electrical  contacts. 

The  new  high-temperature  supercon- 
ductors like  YBa2Cu307_x,  (La1_xMx)2 
Cu04_  (where  M  =  Ba,  Sr,  or  Ca;  x< 0.2; 
and  y<  0.1),  and  others  do  not  have  super- 
conducting surfaces  when  grown  by  cur- 
rent methods.  Annealing  procedures  can 
produce  nonsuperconducting  surface 
regions,  the  chemical  compositions  of 
which  differ  from  those  of  the  bulk  materi- 
als. In  addition,  these  materials  react  with 
atmospheric  H20  and  C02to  form  insulat- 
ing hydroxides  and  carbonates  at  the  grain 
boundaries  and  on  the  surfaces.  Conse- 
quently aqueous  etching  and  ion  milling 
(which  reduces  the  Cu)  are  not  suitable. 

The  most  promising  etchant  appears  to 
be  bromine  dissolved  in  such  polar  nona- 
queous solvents  as  alcohols,  acetone,  or 
ether.  In  one  series  of  experiments,  a  solu- 
tion of  1  volume  percent  bromine  in  ab- 
solute ethanol  was  used  to  etch  films  of 
YBa2Cu307_x.  The  formation  of  the  bro- 
mides of  Y,  Ba,  and  Cu  was  verified  by  x-ray 
photoelectron  spectroscopy  (XPS)  on  un- 
rinsed  specimens.  Rinsing  in  absolute 
ethanol  removed  most  of  the  bromides,  but 
about  2  atomic  percent  bromine  remained 
on  the  rinsed  surfaces.  The  531.1-eV  peak 
in  the  XPS  spectrum  of  oxygen,  which  is 
characteristic  of  surface  contaminants, 
was  reduced  to  near  a  minimum  intensity 
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The  X-Ray  Photoelectron  Spectrum  of  the  1s  level  of  oxygen  shows  the  effect  of  etching  by  1 
percent  bromine  in  absolute  ethanol.  The  diminution  of  the  peak  at  531.1  eV  indicates  the  re- 
moval of  surface  contaminants. 


after  15  to  30  s  of  etching,  with  little  further 
reduction  after  longer  etches.  The  final 
spectrum  shown  in  the  figure  compares 
favorably  with  the  published  spectra  of 
samples  scraped  in  a  vacuum.  (Scraping  in 
a  vacuum  is  the  best  conventional  surface- 
cleaning  technique,  but  it  requires  much 
care  and  is  not  practical  for  production.) 

Measurements  of  resistance  vs.  tem- 
perature showed  that  a  1-|im-thick  film 
etched  for  30  seconds  had  zero  resistance 
at  78  K,  while  a  similar  unetched  film, 
grown  and  annealed  at  the  same  time,  had 
zero  resistance  at  81  K,  which  is  within  the 
sample-to-sample  variability.  Thus,  the 
etchant  appears  to  act  only  on  the  surface 


without  adversely  affecting  the  supercon- 
ducting bulk  of  the  film.  In  addition,  pre- 
liminary results  show  that  the  surface  re- 
sistance of  Pb  contacts  evaporated  onto 
an  etched  film  is  <  600  ^Q«cm2  at  room 
temperature  and  <  1 50  ^Q«cm2  at  the  tem- 
perature of  liquid  helium,  two  orders  of 
magnitude  less  than  the  surface  resis- 
tance measured  on  an  unetched  film. 

This  work  was  done  by  Richard  P. 
Vasquez  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.    NPO-17712/TN 
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Portable  Pull  Tester 

Control  by  a  computer 
ensures  field  measurements 
as  good  as  those 
in  a  laboratory. 

A  portable  pull  tester  automatically  meas- 
ures the  tensile  strengths  of  test  plugs  of 
such  materials  as  ceramics,  adhesives, 
and  elastomers  at  controlled  pull  rates. 
Previously,  portable  testers  had  uncon- 
trolled pull  rates  and  required  manual  re- 
cording of  data;  they  were  subject  to  con- 
siderable error.  The  new  tester  produces 
data  of  laboratory  quality,  formerly  attain- 
able only  with  large,  immobile  equipment. 

In  the  new  tester,  a  dc  motor  controlled 
by  a  personal  computer  drives  a  lead 
screw.  The  lead  screw  is  attached  to  a  load 
cell  and  to  a  test  button  bonded  to  a  speci- 
men of  the  material  under  test.  The  follow- 
ing data  are  sampled  at  a  rate  of  about  1 
kHz  and  fed  to  the  computer: 

•  The  load  induced  in  the  specimen,  as  read 
from  the  load  cell; 

•The  strain  in  the  specimen,  calculated 
from  the  axial  motion  of  the  lead  screw  as 
inferred  from  the  output  of  a  shaft-angle 
encoder  on  the  motor;  and 

•  The  elapsed  time. 

These  data  can  be  examined  on  the  com- 
puter screen,  printed  out,  or  transmitted  to 
a  larger  computer  for  analysis. 

The  computer  monitors  the  speed  of  the 
motor  to  maintain  it  constant,  thereby  pro- 
viding a  constant  rate  of  pull.  This  rate  can 
be  preset  at  0.01  to  0.58  in./min  (4.23  to 
246  fim/s).  A  pull  force  ranging  from  0  to 
1,000  lb  (4,448  N)  can  be  applied.  A  cart 
(see  figure)  holds  the  computer,  printer, 
and  motor-driving  circuits  so  that  they  can 
be  moved  easily  to  the  test  site. 

This  work  was  done  by  Harry  E.  Golden 
and  Henry  E.  Phillips  of  Martin  Marietta 
Corp.  for  Marshall  Space  Flight  Center 
MFS-28302fTN 


A  Cart  Carries  the  Equipment  that 
accompanies  the  portable  pull  tester. 


( 


Testing  Head 
(To  Be  Removed 
From  Cart 
and  Attached 
to  Specimen) 


Control 
Box 
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Testing  Bonds  Between  Brittle 
and  Ductile  Films 

Simple  measurements  are  interpreted  through  a  simple  theory. 


A  simple  uniaxial  strain  test  has  been 
devised  to  measure  the  intrinsic  shear 
strength,  t0,  of  the  bond  between  a  rela- 
tively-ductile substrate  film  (specifically, 
polyethylene  terephthalate)  and  a  brittle 
film  (iron,  nickel,  or  cobalt)  deposited  on  the 
substrate  (see  figure).  The  results  of  the 
test  are  interpreted  by  a  simplified  theory, 
which  leads  to  a  simple  and  approximate 
but  reliable  formula  for  t0  in  terms  of  easily 
measured  properties  of  the  specimen. 

A  typical  specimen  could  consist  of  a 
strip  of  polyethylene  terephthalate  6  or 
12  fjtm  thick,  2.5  mm  wide,  and  1.5  cm  long, 
with  afilm  of  metal  0.2  to  1.2  urn  thick  and  3 
mm  long  deposited  near  the  midlength  of 
the  substrate.  The  specimen  could  be 


formed  by  evaporating  metal  onto  the  sub- 
strate while  monitoring  the  thickness  of  the 
metal  with  a  quartz-crystal  thickness  moni- 
tor. An  ion  gun  could  be  used  to  treat  the 
substrate  before  deposition,  to  modify  the 
adhesion  between  the  layers. 

In  the  test,  the  specimen  is  stretched 
slowly.  The  metal  film  begins  to  show  a  pat- 
tern of  cracks  parallel  to  each  other  and 
perpendicular  to  the  lengthwise  strain  —  a 
pattern  that  is  characteristic  of  brittle  frac- 
ture. As  the  strain  increases,  cracking  pro- 
gresses through  three  distinct  stages.  In 
the  first  stage,  the  metal  film  cracks  at  ran- 
dom locations  along  its  length.  In  the  sec- 
ond stage,  the  metal  segments  between 
the  first-stage  cracks  subdivide  into  small- 

Cracks 


Tension 


Brittle  Film 


A  Brittle  Film  Is  Deposited  on  a  Ductile  Substrate  Film,  and  the  combination  is  stretched  un- 
til the  brittle  film  cracks,  then  separates  from  the  substrate.  The  dimensions  of  the  cracked 
segments  are  related  in  a  known  way  to  the  tensile  strength  of  the  brittle  film  and  the  shear 
strength  of  the  bond  between  the  two  films. 


er  segments  by  cracking  at  their  midpoints, 
the  longest  segment  cracking  first,  fol- 
lowed by  the  second  longest  segment,  and 
so  on.  In  the  third  stage,  the  segments  of 
metal  film  separate  from  the  substrate  at 
the  cracks,  the  longest  segment  sepa- 
rating first.  A  further  increase  of  strain 
causes  the  separation  of  successively 
shorter  segments  but  no  further  cracking. 
The  approximate  formula  for  the  shear 
strength  of  the  bond  is 


t0  =  4o0  t/lf 


where  o0  is  the  tensile  strength  of  the  metal 
film,  f  is  the  thickness  of  the  metal  film,  and 
lf\s  the  length  of  the  longest  (and  first)  seg- 
ment of  metal  film  that  separates. 

For  the  pu  rpose  of  the  approximation ,  o0 
is  assumed  to  be  independent  of  t  and 
measu rable  by  tensi le  tests  of  independent 
specimens.  A  more  exact  analysis  would 
take  account  of  the  effect  of  thickness  and 
the  method  of  deposition.  Depending  on 
whether  the  substrate  behaves  fully  elas- 
tically  or  fully  plastically  (instead  of  a  com- 
bination of  the  two  as  assumed  for  the 
approximation),  the  multiplicative  factor 
could  increase  beyond  4  or  could  de- 
crease to  as  little  as  2.  The  determination 
of  a  more-precise  multiplicative  factor 
would  require  a  detailed,  three-dimension- 
al elastoplastic  analysis  of  the  specimen. 
Despite  the  approximations  and  limita- 
tions of  this  technique,  tests  show  that  it 
yields  semiquantitative  measures  of  bond 
strengths,  independent  of  the  mechanical 
properties  of  the  substrates,  with  results 
reproducible  within  ±6  percent. 

This  work  was  done  by  Donald  R. 
Wheeler  of  Lewis  Research  Center  and 
Hiroyuki  Ohsaki  of  Sony  Magnetic  Pro- 
ducts, Inc.  LEW-14750/TN 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Human  Factors  in  Mining  Computerized  Database 


Objective 

Provide  a  means  through  which  members 
of  the  mining  community  can  easily  and 
readily  access  information  on  human 
factors/ergonomics  as  it  relates  to  min- 
ing. 


Approach 

As  part  of  a  research  study  aimed  at 
reducing  human  error  accidents  in  min- 
ing, the  Bureau  of  Mines  developed  a 
computerized  information  retrieval  sys- 
tem which  provides  relevant  human  fac- 
tors or  ergonomics  information  on  19 
mining-related  special  interest  catego- 
ries. 


sions  with  several  minerals  industry  rep- 
resentatives, Bureau  of  Mines  research- 
ers found  that  there  is  a  real  need  for  and 
interest  in  human  factors  and  that  there 
is  no  other  database  that  can  readily 
provide  the  type  of  information  on 
human  factors  that  will  benefit  mining 
companies,  government  agencies,  and 
universities  interested  in  this  important 
topic.  The  database  system  provides  key 
words  and  abstracts  from  journal  articles, 
research  reports,  seminars,  conferences, 
etc.  Although  emphasis  was  placed  on 
published  material  dealing  directly  with 
mining,  other  material  that  might  be 
applicable  to  mining  from  other  areas  of 
research  was  entered  into  the  system  for 
those  categories  where  little  research  has 
been  performed  from  a  mining  perspec- 
tive. 


About  the  Database 


The  database  system  is  broken  down  into 
19  categories  to  facilitate  easier  retrieval 
of  information  on  topics  of  specific  inter- 

The  Human  Factors  in  Mining  Search    est  to  users.  The  categories  of  HFMSS 

System  (HFMSS)  was  created  to  fill  a    are: 

perceived  information  gap.  After  discus- 


903 


o   Anthropometrics,  biomechanics, 
and  work  physiology 

o   Cost-benefit  analysis 

o   Mining  equipment:  auditory 
devices,canopies, 
controls,operator  compart 
ments,  and  visual  displays 

o   Female  miners  and  workers 

o   Hand  tools 

o   Human  error  and  human  reliability 

o   Human  factors:  applications,  meth- 
ods, principles,  and  studies 

o    Illumination 

o   Job  or  work  design  and  task  analysis 

o    Manual  materials  handling  and 
back  injuries 

o   Noise:  control,  effects,  measure- 
ment, and  standards 

o   Organizational  and  management 
practices 

o   Personal  protective  equipment  and 
clothing 

o   Psychological  factors:  absenteeism, 
behavior jnodification,  incentive 
plans,  job  satisfaction,  motiva- 
tion, stress,  and  turnover 

o   Safety  assessment  methods 

o  Thermal  stress 

o   Training:  cost-effectiveness, 
methods,  principles,  results, 
studies 

o   Vibration:  machinery,  tools,  limbs, 
and  whole  body 

o   Visibility 

Information  concerning  approximately 
750  publications  has  been  entered  into 
HFMSS  to  date.  Each  entry  consists  of 
the  following  fields: 

o        Accession  Number 
o        Title 


o        Author(s) 

o        Source  of  Publication 

o        Date  Published 

o        Number  of  Pages 

o        Key  Words 

o        Abstract  (divided  into  Pur 

pose,  Procedure,  and 

Results) 

Any  publication  or  group  of  publications 
can  be  retrieved  for  one  or  more  of  these 
fields. 


For  More  Information 

The  HFMSS  is  available  to  anyone  inter- 
ested. For  access  information  and  for  a 
user's  guide,  please  contact: 

Ms.  Becky  Farley 

National  Mine  Health  and  Safety 

Academy 

Learning  Resource  Center 

P.O.  Box  1166 

Beckley,WV  25802-1166 

or  telephone:  (304)  256-3226. 

Additional  information  about  the  data- 
base system  and  a  Bureau  Report  of 
Investigations  entitled,  "Human  Factors 
in  Mining  Search  System  (HFMSS)"  may 
be  obtained  by  writing  or  calling  the 
Bureau  of  Mines  principal  investigator 
for  this  project: 

Mr.  Richard  S.  Fowkes 

BuMines  Pittsburgh  Research  Center 

P.O.  Box  18070 

Cochrans  Mill  Road 

Pittsburgh,  PA  15236 

Telephone:  (412)  892-6188 
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Federal  Laboratory  Resource 


Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

National  Disease  Research  Interchange 


Human  tissues  and  organs  that 
would  otherwise  be  discarded 
are  being  made  available  to 
researchers  through  the  Na- 
tional Disease  Research  Inter- 
change (NDRI)  in  Philadelphia. 

NDRI  provides  a  full  range  of 
services  to  researchers,  includ- 
ing nationwide  tissue  retrieval, 
processing,  and  delivery.  NDRI 
is  not  a  tissue  bank  but  acts  as 
an  interchange  between  sources 
of  human  tissue  —  hospitals, 
organ  recovery  programs,  eye 
banks  —  and  investigators  who 
require  a  reliable,  steady  supply 
of  human  tissue  prepared  pre- 
cisely for  their  research  needs. 
NDRI,  with  the  largest  com- 
puter data  base  of  researchers 
using  human  tissue,  has  be- 
come the  prototype  system  in 
the  field. 

According  to  Ms.  Lee  Ducat, 
NDRI  founder  and  president, 
the  concept  of  providing  human 
tissue  to  investigators  has  de- 
veloped into  a  vital  research 
resource  and  a  major  alternative 
to  the  use  of  animals  in 
research. 

Ms.  Ducat  explains  that  after 
she  started  the  Juvenile  Diabe- 
tes Foundation  International 
(JDFI)  because  of  her  parental 
concern  for  a  diabetic  child, 
"over  and  over  again  at  the  sci- 
entific conferences  I  heard  that 
researchers  could  not  get  hu- 
man tissue  for  their  research. 
Many  had  never  corroborated 
their  animal  results,  nor  had 
they  ever  had  human  tissue  in 
their  laboratories." 

To  help  remedy  this,  Ms. 
Ducat  founded  NDRI  in  1980, 
with  a  grant  from  the  Pew 
Memorial  Trust  in  Philadelphia. 
The  National  Institute  of  Diabe- 
tes and  Digestive  and  Kidney 


The  National  Disease  Research 
Interchange,  Philadelphia, 
provides  more  than  130  types  of 
normal  and  diseased  human 
tissue  to  researchers.  Tissues 
are  procured  and  processed 
according  to  the  requesting 
investigators'  specifications. 


Disease  has  also  provided  sup- 
port, and  currently  the  Animal 
Resources  Program  of  the  NIH 
Division  of  Research  Resources 
provides  major  funding. 

Since  1980  NDRI  has  placed 
more  than  36,000  specimens 
with  approximately  450  re- 
searchers in  the  United  States 
and  Canada.  This  "researcher 
responder  agency"  provides  a 
custom  service  to  researchers, 
making  available  almost  every 
type  of  human  tissue  and 
organ.  NDRI  retrieves  130  types 
of  normal  and  diseased  human 
tissues  for  investigators  study- 
ing diabetes,  cancer,  cystic 
fibrosis,  muscular  dystrophy, 
glaucoma,  and  over  80  other 
diseases. 

In  1987  the  National  Cancer 
Institute  named  NDRI  one  of 
three  centers  in  the  United 
States  to  retrieve  tumors  for 
researchers  who  are  part  of  the 
NCI  Cooperative  Human  Tissue 
Network.  The  network  was  cre- 
ated to  improve  access  to 
human  tumor  tissues  and  to 
further  cancer  research. 

NDRI  provides  many  types  of 
tissue  for  studies  of  many  dis- 
eases, but  as  part  of  its  continu- 
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ing  interest  in  diabetes  mellitus, 
the  NDRI  has  mounted  a  major 
initiative  in  support  of  the  pro- 
curement of  human  pancreas 
for  islet  cell  isolation  and  clinical 
transplant  trials. 

Dr.  Paul  Lacy,  professor  of 
pathology  at  Washington  Uni- 
versity School  of  Medicine  in  St. 
Louis,  Missouri,  and  founding 
chairman  of  NDRI's  steering 
committee  says,  "NDRI  has 
transformed  the  behavior  of 
medical  scientists  from  ignoring 
the  use  of  human  tissue  in 
research  to  one  of  requiring 
these  tissues  for  the  study  of 
human  disease. 
"By  providing  human  pancreas 
NDRI  made  it  possible  for  us  to 
develop  methods  for  mass  isola- 
tion of  human  islets  which,  in 
turn,  led  to  the  initiation  of  the 
first  and  now  the  second  phase 
of  our  clinical  trials  of  islet  cell 
transplantation." 

Ms.  Ducat  cites  several  ad- 
vantages to  using  human  tissue 
rather  than  animal  tissue  in  bio- 
medical research.  In  many  dis- 
eases there  are  no  appropriate 
animal  models.  And  human 
tissue  studies  are  needed  to  cor- 
roborate the  results  of  studies  of 
other  diseases  for  which  animal 
models  have  been  developed. 
Also,  because  animals  must  be 
purchased,  housed,  fed,  and 
cared  for,  in  most  cases  the  cost 
of  using  animal  tissue  is  consid- 
erably higher  than  the  costs  of 
using  human  tissue.  Another 
major  NDRI  effort  lies  in  the 
retrieval  of  human  tissue  to 
support  cell  transplantation 
research. 

To  obtain  tissue  from  NDRI, 
investigators  must  submit  for- 
mal requests  for  specific  types 
of  tissue.  The  requests  are 
reviewed  by  NDRI's  Feasibility 
Review  Committee.  Once  ap- 
proved, a  procurement  proposal 
is  developed  for  each  specific 
tissue,  outlining  step-by-step 
processing,  including  dissec- 
tion, packaging,  and  shipping 
requirements. 

The  researcher's  request  then 
enters  the  tissue  queue.  The  fre- 
quency with  which  a  researcher 


receives  the  requested  tissue 
depends  on  tissue  availability 
and  the  number  of  other  inves- 
tigators who  want  the  same 
tissue.  Investigators  may  stipu- 
late donor  criteria  and  time  con- 
straints. 

Tissue  processed  at  NDRI's 
Philadelphia  laboratory  is  tai- 
lored to  meet  the  individual 
researcher's  needs.  A  broad 
range  of  preservation  alterna- 
tives is  available.  The  most  com- 
monly requested  techniques 
include  fresh  with  or  with- 
out tissue  culture  media  and 
shipped  on  wet  ice  by  courier  or 
overnight  delivery;  fixed  and 
shipped  at  ambient  air  tempera- 
ture; frozen  stored  at  -80 
degrees  centigrade  and  shipped 
on  dry  ice  by  overnight  de- 
livery. Delivery  options  include 
hand  delivery  to  local  re- 
searchers, courier  service  when 
necessitated  by  protocol  time 
constraints,  and  overnight 
delivery,  which  is  the  pref- 
erence of  the  majority  of 
researchers. 

NDRI  reimburses  sources  for 
the  time,  effort,  and  chemicals 
used  in  the  retrieval  and  preser- 
vation of  the  various  tissues  and 
organs  and  passes  those  costs 
on  to  investigators  who  receive 
tissues. 


For   more   information   about 

NDRI,  contact: 

Director  of  Research 

National     Disease     Research 

Interchange 

2401  Walnut  Street,  Suite  408 

Philadelphia,      Pennsylvania 

19103 

Telephone:  (800)  222-NDRI  or 

(215)  557-7361 
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Rockville,  MD  20850 
(301)  984-2870 
Refer  to  Volume  XIII,  No.  4/TN 


NIH 

Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

New  Findings  Released  on  Lineage  of  Eight-Cell  Sea 
Urchin  Embryo  Blastomeres 


Results  of  research  carried  out 
bv  investigators  in  the  Division 
of  Biology  at  the  California 
Institute  of  Technology  (Cal- 
Tech)  in  Pasadena  have  helped 
clarify  the  developmental  fates 
of  blastomeres,  cells  produced 
by  cleavage,  in  the  eight-cell  sea 
urchin  embryo  and  have  re- 
vealed new  facts  about  embry- 
onic development.  The  sea 
urchin  embryo  has  been  for 
generations  the  classic  model 
for  studying  early  embryonic 
development. 

Lack  of  knowledge  about  the 
origin  of  embryonic  structures 
and  about  the  fate  of  a  given 
blastomere  in  the  developing 
embryo  has  hampered  research 
in  molecular  embryology  and 
genetics.  Using  a  technique  in 
which  individual  blastomeres 
are  labeled  with  a  fluorescent 
dye  enabled  the  CalTech  scien- 
tists to  follow  the  pattern  of 
development  of  the  sea  urchin 
embryo  from  the  eight-cell  stage 
to  the  fully  developed  larva 
(called  the  pluteus)  and  deter- 
mine the  contribution  of  each  of 
the  blastomeres  to  the  struc- 
tures of  the  pluteus. 

The  early  stages  of  animal 
development  following  fertiliza- 
tion of  the  egg  include  the  for- 
mation of  the  blastula,  which  is 
a  hollow  ball  formed  by  a  single 
layer  of  cells  called  blastomeres, 
and  the  gastrula,  formed  when 
one  end  of  the  blastula  folds 
inward  to  form  a  three-layered 
cup.  The  outer  cell  layer  is 
called  the  ectoderm,  and  the 
middle  and  inner  layers  are 
known  as  the  mesoderm  and 
endoderm,  respectively.  The 


gastrula  cells  continue  to  divide 
and  differentiate  to  form  the 
various  structures  characteristic 
of  the  pluteus.  How  early  cells, 
which  cannot  be  distinguished 
from  each  other,  "learn"  to  dif- 
ferentiate appropriately  is  an 
area  of  very  active  research. 

"We  now  know  that  each 
eight-cell  stage  blastomere 
makes  a  unique  contribution  to 
the  ectoderm  of  the  sea  urchin 
embryo,"  says  Dr.  R.  Andrew 
Cameron,  a  senior  research  fel- 
low in  the  division  of  biology, 
"and  we  know  the  structures 
into  which  many  of  the  cells 
develop." 

The  pluteus  is  bilaterally  sym- 
metrical along  the  oral  (referring 
to  the  mouth)-aboral  (opposite 
to  the  mouth)  axis,  Dr.  Cam- 
eron explains,  which  means 
that  a  plane  passing  through 
the  center  of  the  body  divides  it 
into  two  halves  which  are  mir- 
ror images.  How  this  plane 
arises  has  been  the  subject  of  a 


great  deal  of  research,  none  of 
which  has  proved  conclusive. 

"The  oral-aboral  axis  must  be 
established  by  the  eight-cell 
stage  of  development,"  says  Dr. 
Cameron,  "because  the  progeny 
of  certain  blastomeres  lie  on 
opposite  sides  of  the  axis  while 
others  lie  across  it.  There  is  no 
direct  evidence  that  this  axis  is 
preformed  in  the  egg  stage, 
however.  The  exact  time  that 
the  oral-aboral  axis  arises  still 
remains  to  be  determined." 

After  fertilization  of  the  egg, 
cell  division  begins.  The  first 
two-cell  divisions  are  vertical, 
forming  four  cells.  The  third 
separation  is  horizontal,  form- 
ing the  eight-cell  structure  stud- 
ied by  the  investigators.  Using  a 
finely  drawn  glass  needle,  a  flu- 
orescent tracer  was  injected  into 
a  single  blastomere  of  many 
embryos.  The  targets  for  injec- 
tion had  to  be  selected  ran- 
domly because  all  the  cells  look 
alike  under  the  microscope.  The 


At  right,  fluorescent  labeling 
pattern  of  the  pluteus  appears 
after  injection  of  a  tracer 
substance. 
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scientists  found  that  by  inject- 
ing large  numbers  of  embryos 
they  could  achieve  a  statistically 
significant  distribution  of  la- 
beling patterns  among  the 
blastomeres. 

Observation  of  the  embryos 
that  developed  normally  follow- 
ing labeling  revealed  that  the 
eight  cells  had  six  discrete  pat- 
terns of  development  in  the 
maturing  embryo.  Two  of  the 
patterns  were  the  same  but 
were  on  opposite  sides  of  the 
embryo. 

"Our  finding  that  each  cell 
makes  a  unique  contribution  to 
the  embryonic  ectoderm  is  one 
that  had  not  been  considered  in 
the  regulatory  type  of  embry- 
onic development,"  Dr.  Cam- 
eron says.  "That  means  that  the 
cell  that  forms  the  oral  ectoderm 
in  one  embryo  will  form  it  in 
every  embryo.  There  was  no 
cellular  rearrangement  during 
ectoderm  development." 

Regulatory  development,  Dr. 
Cameron  explains,  is  one  of  two 
types  of  embryonic  develop- 
ment. A  species  in  which  reg- 
ulatory development  takes  place 
will  "regulate"  for  the  loss  of  a 
cell  so  that  a  complete  animal 
will  develop.  In  the  other  type 
of  development,  called  mosaic, 
removal  of  a  cell  during  early 
development  will  result  in  the 
animal's  lacking  the  structure 
that  would  have  been  formed 
by  the  missing  cell. 

In  following  the  development 
of  the  blastomeres  the  investiga- 
tors learned  that  the  cells  that 
would  eventually  form  the 
ectodermal  wall  (the  outer  cov- 
ering) always  remained  con- 
tiguous. Widespread  migration 
of  ectodermal  cells  or  mixing  of 
progeny  from  different  ectoder- 
mal parent  cells  evidently  did 
not  occur.  In  contrast,  mesoder- 
mic  cells  that  give  rise  to  the 
internal  organs  and  skeletal 
framework  did  not  remain  con- 
tiguous but  migrated  widely 
through  the  embryo. 

The  investigators  conclude 
that  six  specific  progenitor  cells 
form  the  approximately  200 
aboral  ectoderm  cells  of  the 
blastula  and  the  approximately 
470  aboral  ectoderm  cells  of  the 
mature  pluteus.   The  signifi- 


cance of  the  polyclonal  origin  of 
the  aboral  ectoderm  can  be 
explained  in  two  dissimilar 
ways.  Either  a  genomic  "switch" 
is  thrown  in  the  clone  of  six 
progenitor  cells  that  activates 
genes  required  for  ectoderm  dif- 
ferentiation or  alternatively,  the 
process  is  a  "device"  that  serves 
to  distribute  appropriate  cyto- 
plasm among  the  aboral  ecto- 
derm cells.  The  cytoplasm  could 
contain  activators  required  for 
gene  expression,  according  to 
the  principal  investigator  Dr. 
Eric  H.  Davidson. 

It  is  not  clear  to  what  extent 
studies  of  cell  lineage  will  con- 
tribute to  the  understanding  of 
patterns  of  gene  function  in  the 
embryo.  Studying  cell  lineages 
in  the  early  sea  urchin  embryo 
is  a  means  to  uncover  the  pat- 
terns of  cell  function  deriving 
from  division  of  the  blas- 
tomeres. Ultimately,  however, 
the  differentiation  of  cells  and 
their  functions  depends  upon 
the  regulation  of  gene  expres- 
sion. M 


Additional  reading: 

1.  Cameron,  R.  A.,  Hough- 
Evans,  B.  R.,  Britten,  R.  J.,  and 
Davidson,  E.  H.,  Lineage  and 
fate  of  each  blastomere  of  the 
eight-cell  sea  urchin  embryo. 
Genes  &  Development  1:75-84, 
1987. 

2.  Davidson,  E.  H.,  Gene  Ac- 
tivity in  Early  Development  (third 
ed.j.  Orlando,  Florida,  Aca- 
demic Press,  1986. 

3.  Cox,  K.  H.,  Angerer,  L.  M., 
Lee,  J.  ].,  Davidson,  E.  H.,  and 
Angerer,  R.  C,  Cell  lineage- 
specific  programs  of  expression 
of  multiple  action  genes  during 
sea  urchin  embryogenesis.  jour- 
nal of  Molecular  Biology  188:159- 
172,  1986. 
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National  Disease  Research  Interchange 

Principal  Investigator: 
Ms.  Lee  Ducat 

President.  National  Disease  Research 

Interchange 

2401  Walnut  Street.  Suite  408 

Philadelphia.  Pennsylvania  19103 

1-800-222-NDRI 

(215)  557-7361 


Resources  •  Services:  The  National  Disease  Research 

Provided  Interchange  (NDRI)  provides  the  retrieval,  pro- 

cessing, and  delivery  of  human  tissue  that  is 
normally  discarded,  as  a  uniquely  individualized 
service  to  each  participating  investigator.  NDRI 
serves  as  an  interchange  between  human  tis- 
sue sources  (hospitals,  organ  recovery  pro- 
grams, eye  banks)  and  the  investigator  who 
requires  a  reliable,  steady  supply  prepared  pre- 
cisely for  his  or  her  research  needs.  For  each 
tissue,  a  protocol  is  developed  based  on  data  in 
the  investigator's  Application  for  Human  Tissue. 
Donor  constraints  such  as  age,  sex,  race,  and 
contraindications  in  medical  history  are  all  spec- 
ified, along  with  sample  size,  condition  of  tissue 
(autopsy,  surgical  specimen,  etc.)  and  time 
constraints  for  removal  and  shipment  (post- 
mortem, post-surgery,  etc.).  Each  protocol  out- 
lines step-by-step  processing,  including 
dissection  and  packaging/shipping 
requirements. 

•  Processing:  Most  commonly  requested  pro- 
cessing techniques  are  (1)  fresh  in  tissue  cul- 
ture media  and  shipped  immediately  at  4 
degrees  C;  (2)  fixed  and  shipped  at  ambient  air; 
(3)  frozen  with  or  without  media,  stored  at  -20 
or  -80  degrees  C  and  shipped  on  dry  ice  at 
-80  degrees  C;  and  (4)  snap  frozen  in  alcohol, 
dry  ice/bath  or  liquid  nitrogen. 


Research 
Emphasis  or 
Application 


•  Basic  Objectives:  NDRI's  objective  is  to  pro- 
cure, preserve,  and  deliver  to  the  research  labo- 
ratory discarded  human  tissues  and  organs  that 
are  tailored  specifically  to  each  participating 
investigator's  scientific  protocol.  NDRI  is  the 
only  national  organization  that  provides  this 
highly  individualized,  reliable,  and  easily  acces- 
sible service  to  the  medical  investigator. 


•  Eligibility:  All  researchers  who  wish  to  receive 
tissue  from  NDRI  must  submit  an  application  for 
human  tissue  that  is  sublet  to  both  m-house 
feasibility  review  by  the  NDRI  staff  and  scientific 
peer  review  by  the  feasibility  review  committee. 
Once  an  application  for  human  tissue  is 
approved  and  a  protocol  prepared,  the  re- 
searcher's request  is  queued  under  the  appro- 
priate tissue  category  in  NDRI's  rotation  system. 
Researchers  with  similar  requests  are  groupeO, 
and  the  researcher  who  receives  a  tissue  sam- 
ple is  the  one  who  has  waited  the  longest 
between  shipments.  Investigators  stipulate  tis- 
sue quantity  and  enter/exit  the  rotation  sched- 
ule with  prior  notification  to  the  NDRI  staff. 

•  Quality  Control:  NDRI  makes  every  effort  to 
retrieve,  process,  and  deliver  each  human  tis- 
sue sample  in  a  manner  required  for  its 
intended  use  and  to  ensure  its  arrival  at  the 
investigator's  laboratory  in  the  appropriate  con- 
dition. Quality  control  begins  with  the  initial  call 
from  the  procurement  source  and  is  carried 
through  to  shipment  of  tissue,  when  a  written 
request  for  feedback  on  quality  and  processing 
is  included  in  each  package. 

•  Contact  Person:  Mary  D.  Nadijcka,  Ph.D., 
1-800-222-NDRI  or  (215)  557-7361. 
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Primate  Information  Center 

Project  Manager: 
Jackie  Pritchard,  Ph.D. 

Primate  Information  Center  SJ-50 
Regional  Primate  Research  Center 
University  of  Washington 
Seattle,  Washington  98195 
(206)  543-4376 


Resources  •  Services:  The  information  center  has  devel- 

PrOVJded  oped  and  maintains  a  bibliographic  data  base 

covering  the  scientific  literature  on  nonhuman 
primates  published  since  1940,  indexed  for  pri- 
mate species  and  scientific  sub|ect.  Access  to 
the  contents  of  this  data  base  Is  available  in  a 
variety  of  forms.  Custom  retrospective  bibliogra- 
phies cover  specific  research  topics  for  individ- 
ual primate  families,  genera,  or  species,  or 
nonhuman  primates  in  general.  Searches  may 
be  restricted  chronologically  to  the  most  recent 
5  years,  the  most  recent  10  years,  1965  to  the 
present,  or  1940  to  the  present.  Custom  monthly 
bibliographies  provide  recent  additions  to  the 
file,  selected  by  topic  and/or  primate.  An  irregu- 
lar series  of  "topical"  printed  bibliographies 
includes  various  kinds  of  studies  involving  non- 
human  primates.  A  monthly  title  listing  with 
authors'  addresses  is  called  Current  Primate 
References.  Each  issue  has  primate  and  author 
indexes. 

•  Contact  Persons:  Behavior  and  neuroscience 
studies:  Jean  Williams.  (206)  543-4376:  bio- 
medical studies:  Jackie  Pritchard,  Ph.D.,  (206) 
543-4376. 


Research 
Emphasis  or 
Application 


•  Basic  Objective:  To  provide  a  single  source  of 
bibliographic  information  (retrievable  by  any 
species)  on  biomedical  experiments  of  which 
nonhuman  primates  are  subjects  and  on  stud- 
ies of  the  animals  for  themselves. 

•  Application  of  Service:  The  service  is  avail- 
able internationally.  Moderate  fees  are  charged 
for  all  services. 
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Yeast  Genetic  Stock  Center 

Principal  Investigator- 
Robert  K.  Mortimer,  Ph.D. 

Department  of  Biophysics  and  Medical  Physics 
University  of  California 
Berkeley,  California  94720 
(415)642-0815. 


Resources  •  Yeasts:  The  Yeast  Genetic  Stock  Center 

Provided  (YGSC)  collects,  maintains,  monitors  and  dis- 

seminates genetically  well-characterized  strains 
of  the  yeast  Saccharomyces  cerevisiae  to  edu- 
cational and  research  facilities  and  to  industry 
all  over  the  world.  Each  of  the  approximately 
900  strains  available  in  the  collection  bears  one 
to  several  mutant  loci  encompassing  a  wide 
range  of  functions  and  requirements  of  this 
eukaryotic  organism.  Included  in  the  collection, 
in  addition  to  the  specific  nuclear  and  cytoplas- 
mic mutants,  are  special  categories  of  strains 
such  as  sets  of  "mapping  strains",  transform- 
able strains,  strains  for  the  detection  of  aneu- 
ploidy,  high  sporulation  mutants  and  other 
groups  of  mutants  which  facilitate  studies  in 
genetics,  cell  and  molecular  biology  and  in 
biotechnology. 

•  Contact  Person:  Rebecca  Contopoulou, 
curator,  (415)642-0815. 


Research 
Emphasis  or 
Application 


•  Objectives:  The  stock  center  is  committed  to 
provide  investigators  with  a  current  and  reliable 
source  of  well-defined,  genetically  well- 
characterized  strains  of  Saccharomyces  cerevi- 
siae. Every  2-3  years  the  YGSC  updates  and 
publishes  a  catalogue  of  strains,  their  geno- 
types, references  and  other  pertinent  informa- 
tion on  their  use.  More  recently,  the  stock  center 
also  participates  in  the  publication  and  updat- 
ing of  the  genetic  map  of  Saccharomyces  cere- 
visiae which  presently  includes  up  to  800 
mapped  genes;  the  10th  edition  of  the  map  will 
include  both  genetic  and  physical  mapping  of 
genes  and  is  an  important  source  to  the  yeast 
community.  Other  endeavors  of  the  stock  center 
focus  on  the  acquisition  of  new  strains  generally 
useful  to  a  large  number  of  scientists,  develop- 
ment of  new  strains  and,  if  necessary,  construc- 
tion of  better  versions  of  existing  ones. 


Incorporation  of  new  technologies,  such  as 
orthogonal  field  alternating  gel  electrophoresis 
for  karyotyping  and  better  characterizing  the 
strains  in  the  collection  as  well  as  other  strains 
of  Saccharomyces  and  of  other  genera  of  yeast, 
is  also  pursued. 
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Software 

( 


Medical-Information- 
Management  System 

Other  alphabetical  and/or 
numerical  data  (e.g., 
business  or  judicial)  can 
also  be  managed. 

The  Medical  Information  Management 
System  (MIMS)  computer  program  is  an  in- 
teractive, general-purpose  software  sys- 
tem for  the  storage  and  retrieval  of  infor- 
mation. It  was  first  designed  to  Pe  used  in 
the  management  of  medical  data  and  can 
Pe  used  to  handle  all  aspects  of  data  re- 
lated to  the  care  of  patients.  Other  applica- 
tions of  Ml  MS  include  management  of  data 
on  occupational  safety  in  the  public  and 
private  sectors,  handling  judicial  informa- 
tion where  speed  and  accuracy  are  high 
priorities,  systemizing  purchasing  and  pro- 
curement systems,  and  analyses  of  the 
cost  structures  of  organizations. 

Because  of  its  free-format  design,  MIMS 
can  offer  immediate  assistance  where  ma- 
nipulation of  large  data  Pases  is  required. 
Structures  of  files,  categories  of  data,  and 
lengths  and  formats  of  files,  including  al- 
phabetical and/or  numerical,  are  all  de- 
fined by  the  user.  The  user  can  quickly  and 
efficiently  extract,  display,  and  analyze  the 
data. 

Three  means  of  extraction  of  data  are 
provided:  certain  short  items  of  informa- 


tion, like  social  security  numbers,  can  be 
used  to  identify  each  record  uniquely  for 
quick  access;  records  can  be  selected' 
with  matching  conditions  defined  by  the 
user;  and  specific  categories  of  data  can 
Pe  selected.  Data  can  Pe  displayed  and  an- 
alyzed in  several  ways  that  include  the 
following:  generation  of  tabular  information 
assembled  from  comparison  of  all  the  rec- 
ords on  the  system;  generation  of  statisti- 
cal information  on  such  numerical  data  as 
means,  standard  deviations,  and  standard 
errors;  and  display  of  formatted  lists  of  out- 
put data. 

This  MIMS  program  is  written  in  Micro- 
soft FORTRAN  77.  It  was  designed  to  oper- 
ate on  IBM  Personal  Computers  and  com- 
patibles running  under  PC  or  MS  DOS  2.00 
or  higher.  MIMS  was  developed  in  1987. 

This  program  was  written  by  Sidney 
Alterescu,  Carl  A.  Friedman,  and  James  W. 
Frankowski  of  Goddard  Space  Flight 
Center.     GSC-13198/TN 


FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Chemical  Structure  of  DNA  Damage  Uncovered 


For  the  first  time,  researchers  have  determined  the  chemical  structure  of  a  major  type  of 
DNA  damage  caused  by  oxygen-derived  free  radicals.  Such  free  radicals  -  highly  reactive 
groups  of  atoms  with  an  unpaired  electron  and  very  short  lifetimes  -  have  been  linked  to 
cancer,  among  other  ailments.  The  methods  used  by  the  NIST  researchers  should  help 
scientists  study  this  type  of  DNA  damage  in  living  cells  and  gain  deeper  understanding  of 
its  biological  effects.  The  NIST  researchers  uncovered  the  structure  of  hydroxyl  radical- 
induced  DNA-protein  cross-links,  which  is  damage  caused  when  DNA  forms  a  chemical 
bond  with  proteins  inside  the  cell  nucleus.  This  damage  to  DNA  eventually  causes 
chemical  changes  in  the  cell  that  result,  for  example,  in  altered  proteins. 

Media  Contact:  John  Makulowich,  (301)  975-2762. 

FOR  ADDITIONAL  INFORMATION:  To  discuss  these  efforts  further,  contact  Dr.  Miral 
Dizdaroglo,  Room  A  260,  National  Institute  of  Standards  &  Technology,  Gaithersburg,  MD 
20899;  (301)  975-2581. 
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Natural  Resources 
Technology  &  Engineering 


0911      Sunspot  Numbers:  1610-1985 


Software 


091 2     Meteorological  Processor  for  Regulatory  Models  (MPRM-1 .1 )  -  User's 
Guide 
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Ma  NOAA  Technology  Brief     ^ 


National  Oceanic  and  Atmospheric  Administration 

National  Environmental  Satellite,  Data,  and  Information  Service 
National  Geophysical  Data  Center/World  Data  Center  A 
for  Solar- Terrestrial  Physics 


*f«TCS   0«  ' 


SUNSPOT  NUMBERS:   1610-1985 

The  World  Data  Center  A  for  Solar-Terrestrial  Physics  has  published  a 
report,  Sunspot  Numbers:   1610-1985,  UAG-95,  and  has  made  the  sunspot  tables 
in  the  report  available  on  floppy  diskettes.  Sunspot  numbers  are  important 
because  they  reach  back  further  in  time  than  any  other  index  of  solar  activity; 
they  correlate  strongly  with  droughts  that  occur  every  19  to  22  years  in  the 
Western  United  States;  and  they  serve  as  a  focal  point  for  violent  eruptions 
in  the  sun's  atmosphere — eruptions  that  temporarily  change  the  strength  and 
direction  of  the  earth's  main  magnetic  field,  and  cause  power  blackouts, 
stimulate  auroral  displays,  and  degrade  satellite  orbits  by  heating  the 
atmosphere. 

UAG-95  is  a  revised  and  edited  version  of  the  publication, 
Sunspot-Activity  in  the  Years  1610-1960,  by  Prof.  M.  Waldmeier,  Copyright 
1961,  Swiss  Federal  Observatory,  Zurich,  Switzerland.  Revision  and  editing 
for  UAG-95  was  done  by  John  A.  McKinnon  of  NGDC. 

All  tables  are  based  on  the  work  of  the  Swiss  astronomer  Johann  Rudolph 
Wolf,  who  defined  his  unique  method  of  counting  sunspots  in  1848.   For 
earlier  years,  Wolf  searched  the  literature  and  observatory  archives  for 
numerical  measures  of  sunspot  activity.  He  located  many  descriptions  and 
drawings  of  the  sun,  and  from  them  reconstructed  an  almost  complete  series  of 
daily  numbers  back  to  1818,  of  monthly  means  back  to  1749,  and  of  annual 
means  back  to  1700.  He  even  traced  the  activity  to  1610,  the  year  Galileo 
Galilei  first  observed  sunspots  through  a  small  telescope. 

Not  surprisingly,  historical  sunspot  data  are  less  reliable  than  the 
controlled  counts  made  in  1848  and  thereafter.  Many  observations,  for 
example,  display  a  seasonal  variation — a  fluctuation  in  the  count  owing  to 
the  weather,  not  to  the  sun.  Moreover,  during  the  17th  and  18th  Centuries, 
the  few  observers  who  noted  sunspots  made  their  observations  from  Central 
Europe,  where  the  atmospheric  transparency  differed  greatly  between  the 
summer  and  winter  months.  As  a  result,  the  numbers  tabulated  in  UAG-95  range 
from  poor  between  1700  and  1748  to  questionable  between  1749  and  1817,  and 
from  good  between  1818  and  1847  to  reliable  from  1848  on. 

Sunspot  Numbers:   1610-1985  may  be  purchased  for  $10.00  through  the 
National  Geophysical  Data  Center,  Solar-Terrestrial  Physics  Division  (E/GC2), 
325  Broadway,  Boulder,  Colorado  80303,  U.S.A.  Telephone  (303)  497-6323. 
There  is  a  $10.00  handling  charge  per  order.  Orders  must  include  check  or 
money  order  payable  in  U.S.  currency  to  Department  of  Commerce,  NOAA/NGDC. 

The  tables  in  Report  UAG-95  (plus  tabulations  suitable  for  plotting)  are 
available  on  two  360-kilobyte,  5.25-inch  diskettes  in  MS-DOS  format  for 
$60.00.  All  files  are  small,  contain  only  ASCII  characters,  and  fit  on  an 
80-column  computer  screen. 
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United  States 
Environmental  Protection 
Agency  


Atmospheric  Research  and 
Exposure  Assessment  Laboratory 
Research  Triangle  Park  NC  2771 1 


Research  and  Development 


AEPA        Project  Summary 

Meteorological  Processor  for  Regulatory  Models 
(MPRM-1.1)  -  User's  Guide 


Version  1.1  of  MPRM  provides  a 
general  purpose  computer  processor 
for  organizing  available  meteor- 
ological data  into  a  format  suitable 
for  use  by  air  quality  dispersion 
models.  Specifically,  the  processor  is 
designed  to  accommodate  those 
dispersion  models  that  have  gained 
EPA  approval  for  use  in  regulatory 
decision  making.  A  unique  feature  of 
the  processor  is  the  ability  to  employ 
user  collected  meteorological 
measurements  as  well  as  those 
routinely  collected  by  the  National 
Weather  Service  (NWS). 

MPRM-1.1  will  support  the 
following  dispersion  models  listed  in 
the  Guideline  on  Air  Quality  Models 
(Revised)  (EPA,  1986),  as  well  as 
three  screening  models: 

•  Those  requiring  RAMMET  for- 
matted data:  BLP,  RAM,  ISCST, 
MPTER,  CRSTER,  and  COMPLEX1. 

•  Those  requiring  STAR  formatted 
data:  CDM  (with  either  16  or  36 
wind  direction  sectors),  ISCLT, 
and  VALLEY  (long-term). 

•  Those  requiring  special  formats: 
CALINE-3  and  RTDM  (default). 

MPRM  can  be  envisioned  as  a 
three-stage  system.  The  first  stage 
retrieves  the  meteorological  data 
from  computer  tape  or  disk  files  and 
processes  the  data  through  various 
quality  assessment  checks.  The 
second  stage  collects  all  data 
available  for  a  24-hour  period  (up- 
per air  observations,  hourly  surface 
weather  observations,  and  data  col- 
lected as  part  of  an  on-site 
meteorological  measurement  pro- 
gram) and  stores  these  data  in  a 
combined  (merged)  format.  The  third 
stage  reads  the  merged  meteor- 
ological data  and  performs  the 
necessary  processing  to  produce  a 
meteorological  data  file  suitable  for 
use  by  the  specified  dispersion 
model. 

This  Project  Summary  was  devel- 
oped by  EPA's  Atmospheric    Research 


and  Exposure  Assessment  Laboratory, 
Research  Triangle  Park,  NC,  to 
announce  key  findings  of  the  research 
project  that  is  fully  documented  in  a 
separate  report  of  the  same  title  (see 
Project  Report  ordering  information  at 
back). 

Introduction 

EPA  has  recently  issued  guidance  on 
the  use  of  meteorological  data,  collected 
via  an  on-site  measurement  program, 
for  regulatory  modeling  applications.  The 
meteorological  processors  currently 
available  from  EPA  do  not  have  the 
capability  of  processing  user  collected 
on-site  meteorological  data  as  directed 
by  the  guidance.  Therefore,  MPRM-1.1 
has  been  designed  to  construct  meteor- 
ological data  files  of  upper  air.  mixing 
height,  surface  observations,  and  on- 
site  data  for  air  pollution  dispersion 
models  that  are  routinely  used  in 
regulatory  decision  making  by  EPA. 
Specifically,  the  processor  is  designed  to 
accommodate  those  dispersion  models 
recommended  for  use  in  the  Guideline  on 
Air  Quality  Models  (Revised  in  1986). 

Why  This  Design? 

Recognizing  that  the  list  of  approved 
dispersion  models  is  apt  to  change,  and 
that  those  changes  are  likely  to  call  for 
use  of  various  processing  methods,  the 
new  processor  is  designed  to  have  a 
highly  modular  structure.  Additionally, 
the  new  processor  is  designed  to  avoid 
computer  conflict  problems.  It  was 
further  decided  to  develop  an  input 
structure  that  would  ultimately  support 
use  of  a  menu  data  entry  system.  This 
would  allow  construction  of  the  input 
through  a  computer-controlled  question 
and  answer  session,  and  possibly 
facilitate  the  usability  of  the  processor  by 
a  variety  of  users. 
Extraction  and  Quality 
Assessment  (Stage  1 
Processing) 


The   goal   of   this   first 
cessing  is  to: 

•    Read   the  on-site  and 
ological  data  files 


stage   of   pro- 


NWS   meteor- 
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•  Find  the  data  within  the  time  period 
specified  by  the  user 

•  Store  these  data  in  American 
Standard  Code  for  Information  Inter- 
change (ASCII)  data  files 

•  Scan  the  stored  values  and  report 
occurrences  of  missing  or  suspect 
values. 

Combining  Data  (Stage  2 
Processing) 

The  goal  of  this  second  stage  of 
processing  is  to: 

•  Combine  into  one  file  the  available 
on-site  and  NWS  meteorological  data 
files  created  during  Stage  1  process- 
ing 

•  Store  the  data  in  a  more  compact 
format. 

Creating  a  Model  Input  File 
(Stage  3  Processing) 

The    goal    of    this    third    stage    of 
processing  is  to: 

•  Create  a  meteorological  data  file  for 
use  with  a  regulatory  dispersion 
model  chosen  by  the  user. 

Relationship  of  MPRM  to  EPA 
Air  Pollution  Modeling 
Guidance 

The  data  processing  methods  incor- 
porated into  MPRM  are  intended  to 
implement  the  recommendations  con- 
tained in  the  EPA  on-site  meteor- 
ological program  guidance  document. 
Moreover,  any  discrepancies  that  might 
exist  between  MPRM  and  current  regu- 
latory guidance  should  not  be  construed 
as  guidance,  but  as  errors  within  the 
MPRM  system. 

Missing  Values,  the  Bane  of  All 
Data  Sets 

When  the  meteorological  conditions 
are  insufficiently  declared,  a  dispersion 
model  will  not  be  able  to  produce 
concentration  estimates.  In  the  case  of 
dispersion  models  currently  accepted  for 
regulatory  applications,  the  situation  is 
aggravated  by  the  fact  that  none  of  the 
hourly  dispersion  models  can  continue 
processing  if  the  meteorological  record  is 
not  continuous.  The  only  way  to  continue 
processing  is  to  present  the  dispersion 
model  with  an  unbroken  meteorological 
record  having  no  missing  values. 

Substitutions  based  on  other  on-site 
data,  if  available  and  deemed  to  be 
representative,  may  provide  the  best 
solution  for  providing  an  unbroken 
meteorological  record.  If  the  situation  is 
such  that  only  1  hour's  data  is  missing,  it 
might  be  practical  to  use  linear  inter- 
polation between  adjacent  hours  to 
estimate  the  missing  meteorological 
conditions.  As  the  time  period  of  missing 


values  increases,  the  usefulness  as  well 
as  the  reasonableness  of  linear  inter- 
polation to  fill  in  missing  values  becomes 
increasingly  more  dubious.  Rational- 
izations involving  use  of  monthly  mean 
values  from  climatological  records  are 
sometimes  employed.  The  fact  remains 
that,  given  the  right  circumstances,  any 
technique  employed  for  filling  in  missing 
values  can  prove  to  be  inadequate. 

A  clear  consensus  has  yet  to  be 
reached  on  how  best  to  resolve  the 
dilemma  created  by  a  broken  meteor- 
ological record.  A  possible  solution  may 
involve  making  substitutions  for  missing 
meteorological  values  for  isolated  1- 
hour  periods,  and  treating  longer  breaks 
in  the  meteorological  record  within  the 
dispersion  model.  At  the  very  least,  the 
dispersion  models  might  be  modified  to 
process  available  valid  data  and  to  skip 
(or  output  a  missing  value  indicator  for, 
the  concentration  estimate)  those  hours 
when  processing  could  not  continue  due 
to  missing  values  in  the  meteorological 
record. 

While  the  guidance  document  for 
conduct  of  on-site  meteorological 
measurement  programs  contains  a 
recommended  hierarchy  of  data  substi- 
tution strategies  for  regulatory  ap- 
plications, the  implementation  of  these 
recommendations  requires  expert  judg- 
ment of  "representativeness"  of  the  data 
substitutions  Yet  to  be  developed  is  a 
system  of  numerical  rules  having 
sufficient  expertise  that  we  can  con- 
fidently recommend  their  use  in  a 
universal  sense  for  automatic  processing 
of  missing  data  values. 

Since  MPRM  is  constrained  to  include 
only  processing  methods  that  have  been 
accepted     for     use     in     regulatory 
applications   and   since   we   have   yet   to 
develop  a  set  of  numerical  techniques  for 
universal  use  in  handling  missing  values, 
MPRM    has    no    automatic    method    for 
correcting   missing   values.   If  and   when 
techniques   are   accepted   for   handling 
missing   values   on    an   automatic  basis, 
they   will   be   incorporated    into   MPRM, 
unless  of  course  the  resolution  is  within 
the  dispersion  model  algorithm. 


The  EPA  author.  John  S.  Irwin,  is  with  the  Atmospheric  Research  and  Exposure 
Assessment  Laboratory,  Research  Triangle  Park,  NC  27711,  James  0.  Paumier 
is  with  the  Computer  Sciences  Corporation,  P.O.  Box  12767.  Research  Triangle 
Park,  NC  27709:  and  Roger  W.  Brode  is  also  an  EPA  author  with  the  Office  ol 
Air  Quality  Planning  and  Standards.  Research  Triangle  Park.  NC  27711 
D.  Bruce  Turner  is  the  EPA  Protect  Officer  (see  below). 

The  complete  report,  entitled,  "Meteorological  Processor  lor  Regulatory  Models 
IMPRM-1.1)   User's    Guide,"  (Order   No.    PB   89-127    526'AS:    Cost:   $28.95. 
sub/act  to  change)  will  be  available  only  horn: 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 
Telephone:    703-487-4650 
The  EPA  Pro/ect  Officer  can  be  contacted  at: 

Atmospheric  Research  and  Exposure  Assessment  Laboratory 
U.S.  Environmental  Protection  Agency 
Research  Triangle  Park,  NC  27711 


Physical  Sciences 

0913  Saturn  Imploding  Plasma  Creates  World- Record  X-Ray  Yield 

0914  Gas  Kinetics  Database  Available  for  PCs 

0915  World's  Smallest  Prism 

091 6  Carbon  Sorption  Cryogenic  Regenerator — Lower  temperature  and 
longer  lite  are  expected.  (Licensing  Opportunity) 

0917  Joule-Thomson  Expander  Without  Check  Valves — Cooling  is  effected  by 
a  bidirectional,  reciprocating  flow  of  gas. 

0918  Oxidation  of  Reflectors  Through  Pinholes  in  Coatings — Impacts  of 
particles  create  paths  for  corrosion  by  monatomic  oxygen. 

0919  Path-Following  Solutions  of  Nonlinear  Equations — Path-following 
methods  have  advantages  over  parametric  differentiation. 

0920  Phase  Separators  and  Fountain-Effect  Pumps  for  He  II — Fuse-glass 
microchannel  arrays  for  use  as  HE  II  phase  separators  and  fountain- 
effect  pumps.  (Licensing  Opportunity) 

0921  Stable  1 .25-W  CW  Methanol  Laser— Thermally  stable  design  keeps  the 
rate  of  drift  of  frequency  within  ±100  kHz  per  hour. 

Testing  &  Instrumentation 

0922  Calibration-Tube  Dewar — Melting  ice  keeps  the  temperature  near  0°  for 
about  one  day.  (Licensing  Opportunity) 

0923  Coolant-Control  Valves  for  Fluid-Sampling  Probes — Small  built-in  leaks 
prevent  overheating. 

0924  Noiseless  Coding  of  Magnetometer  Signals — Adaptive  coding  can 
compress  data  by  factors  ranging  from  2  to  6. 

0925  Plasma/Neutral-Beam  Etching  Apparatus — The  energies  of  neutral 
particles  are  controllable.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0888     Design  and  Fabrication  of  Superconductors— Progress  through  1982  is 
reviewed. 

0890     Diphenylpolyynes  for  Nonlinear  Optical  Devices— Donor/acceptor 
molecules  have  second-order  nonlinear  electric  susceptibilities. 
(Licensing  Opportunity) 

0896     Laser/Plasma/Chemical-Vapor  Deposition  of  Diamond — The  deposition 
of  graphite  would  be  suppressed. 

0900     Surface  Halogenation  of  High-Temperature  Superconductors — 

Nonaqueous  chemical  etching  and  passivation  yield  improved  surfaces. 

0910     Chemical  Structure  of  DNA  Damage  Uncovered 
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Technology  Application 


Sandia  National  Laboratory 

Saturn  Imploding  Plasma  Creates  World-Record  X-Ray 
Yield 

The  first  experiments  involving  imploding  plasmas  on  the  25-trillion-watt  Saturn  accelerator  at 
Sandia  National  Laboratories  have  resulted  in  a  world-record  x-ray  yield. 

Saturn,  already  a  powerful  source  of  "hard"  x-rays,  has  recently  been  configured  so  that  it  can  also 
produce  "soft"  x-rays.    One  of  the  first  shots  in  this  new  configuration  produced  the  record  yield. 

Saturn  is  now  the  most  energetic  laboratory  soft  x-ray  source  in  the  world.    It  is  also  the  most 
powerful  such  source  on  a  100-nanosecond  time  scale. 

Saturn,  a  96-foot-diameter,  36-module  electrical  accelerator,  is  used  for  simulating  the  effects  of 
nuclear  weapon  countermeasure  explosions  in  space  and  for  x-ray  laser  research.    Researchers 
need  intense  bursts  of  soft  x-rays  for  vulnerability  and  lethality  studies  and  as  a  driver  for 
laboratory  x-ray  laser  physics  experiments. 

In  the  fifth  shot  in  its  new  "gas-puff  z-pinch  mode,"  Saturn  produced  a  record  505  kilojoules  total 
x-ray  energy.    The  yield  is  more  than  four  times  that  of  the  Proto  II  accelerator,  Saturn's 
predecessor  machine  at  Sandia.   Sandia  scientists  say  no  laboratory  x-ray  yields  approaching  that  of 
Saturn  have  been  reported  elsewhere  in  the  world. 

Achieving  more  than  500  kilojoules  x-ray  energy  exceeded  an  important  program  goal. 

Analysis  of  the  shot's  radiation  signatures  shows  that  a  vast  majority  of  the  x-ray  energy  in  the 
shot  was  in  soft  x-rays.    Soft  x-rays  have  relatively  long  wave-lengths  and  thus  relatively  low 
energies  (less  than  about  5  kiloelectron-volts,  or  5  keV)  compared  with  "hard"  x-rays.    Both  parts 
of  the  x-ray  spectrum  are  important  in  conducting  weapon  vulnerability  and  lethality  studies. 

The  x-ray  energy  of  the  record  shot  was  released  in  a  pulsed  lasting  less  than  40  billionths  of  a 
second,  resulting  in  a  soft  x-ray  power  of  about  14  trillion  watts,  or  14  terawatts  (TW). 

Almost  all  of  the  x-ray  yield  was  made  up  of  photons  of  less  than  1  keV  energy. 

The  machine  has  also  generated  5  terawatts  and  3  terawatts  in  narrow  x-ray  energy  bands  around  1 
and  3  keV  (kiloelectron-volts),  respectively.  These  high  intensities  increase  the  capability  to  test 
military  hardware  and  extend  existing  laboratory  x-ray  laser  experiments. 

While  a  conventional  medical  x-ray  machine  operates  at  kilovolt  voltages  and  milliampre  currents, 
Saturn  produces  roughly  2  megavolts  (2  million  volts)  and  10  megaamperes  (10  million  amperes) 
current.    This  very  high  current  helps  account  for  its  abundant  x-ray  yields.    Also,  this  energy  is 
released  in  a  single  very  intense  burst  lasting  only  nanoseconds,  resulting  in  the  multi-trillion- 
watt  x-ray  power  levels. 

Saturn's  new  alternate  configuration  is  the  "gas-puff  z-pinch  mode."    A  high-velocity  cylindrical 
puff  of  gas  several  centimeters  long  is  injected  into  the  center  of  the  machine.    Very  high  current  of 


913 


Glow  of  underwater  switches  illuminates  Saturn  x-ray  source 
during  a  radiation-producing  accelerator  shot.  Recent  experi- 
ments have  produced  record  yields  of  soft  x  rays. 

some  10  million  amperes  from  the  accelerator's  pulsed  power  modules  is  then  passed  through  this 
gas.    The  current  flows  along  the  axis  (the  z-direction)  of  the  cylindrical  puff.    This  intense 
current  flow  causes  a  large  magnetic  pressure  resulting  in  a  rapid  inward  radial  acceleration  of  the 
gas  -  an  implosion,  or  z-pinch. 

The  gas,  now  a  plasma,  is  heated  to  very  high  temperatures  -  up  to  10  million  degrees  Celsius  - 
when  the  imploding  gas  stagnates  on  the  cylindrical  axis  of  symmetry.  Such  a  high-temperature 
plasma  radiates  x-rays  very  efficiently. 

This  output  is  therefore  the  culmination  of  several  energy-conversion  processes:    from  electrical 
energy,  to  magnetic  energy,  to  kinetic  energy,  to  thermal  energy,  and  finally  to  nonthermal 
radiation,  the  x-rays. 

The  experiments  validate  the  accelerator  pulsed-power  design  and  confirm  predictions  that  its  x- 
ray  yields  should  increase  geometrically  with  machine  energy.    They  also  permit  the  researchers  to 
plan  future  experiments  to  optimize  the  keV  x-ray  output  for  simulation  effects  testing.    The  new 
capabilities  also  quadruple  the  flux  of  x-rays  available  for  laboratory  x-ray  laser  experiments  at 
Sandia,  according  to  M.  Keith  Matzen,  supervisor  of  Sandia's  X-Ray  Laser  Physics  Division. 
The  experiments  are  continuing  at  a  shot  per  day. 

The  experiments  have  been  carried  out  by  Rick  B.  Spielman,  Bruce  A.  Hammel,  David  L.  Hanson, 
Warren  W.  Hsing,  Keith  Matzen,  and  John  L  Porter.   The  expertise  of  the  Saturn  accelerator 
operations  crew,  composed  of  personnel  from  Sandia  and  K-Tech  Corp.  in  Albuquerque,  contributed 
to  the  success  of  these  experiments. 

The  Saturn  accelerator  was  designed  by  collaboration  of  personnel  from  Sandia  and  from  Pulse 
Sciences  Inc.  of  Titan  Technologies  in  Oakland,  California. 

FOR  ADDITIONAL  INFORMATION:   Public  Information  Division,  Code  3161,  Department  of  Energy, 
Sandia  National  Laboratories,  Albuquerque,  NM  87185-5800;  (505)844-4207.     Refer  to 
announcement  24,  No.  5. 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  ot  Commerce,  Gaithersburg,  MP  20899 


Gas  Kinetics  Database  Available  for  PCs 


A  new  computerized  database  with  an  extensive  compilation  of  information  on  the  rates  of 
chemical  reactions  important  to  research  chemists,  environmental  scientists,  and 
combustion  engineers  has  been  developed  by  NIST  scientists.  Available  on  a  floppy  disk 
for  personal  computers  (PCs),  it  contains  data  on  the  rates  of  approximately  2,000 
chemical  reactions  with  more  than  5,300  individual  data  entries.  The  database  is  an 
important  tool  for  modeling  combustion  systems  or  chemical  processes  occurring  in  the 
atmosphere.  This  type  of  data  is  necessary  in  understanding  the  reactions  of  chemicals 
and  their  role  in  depleting  the  Earth's  ozone  layer.  A  special  software  option  allows 
users  to  display  rapidly  in  a  single  graphic  all  of  the  rate  constants  determined  for  a 
single  chemical  reaction  as  a  function  of  temperature.  These  plots  showing  all  of  the 
available  information  are  useful  for  revealing  discrepancies  in  experimental  results. 

FOR  ADDITIONAL  INFORMATION:  NIST  Standard  Reference  Database  17,  Gas  Kinetics,  is 
available  for  $190  from  the  Office  of  Standard  Reference  Data,  NIST,  A320  Physics 
Bldg.,    Gaithersburg,   Md.    20899;      (301)975-2208. 
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World's  Smallest  Prism 


Researchers  at  the  NIST  laboratories  in  Boulder,  Colo.,  have  created  what  they  believe  to 
be  the  smallest  optical  prism  ever  made.  The  microscopic  glass  prism  is  only  5- 
thousandths  of  an  inch  on  a  side  -  about  the  thickness  of  a  heavy  sheet  of  paper.  Barely 
visible  to  the  naked  eye,  the  "microprism"  may  be  used  in  microoptics  and  fiber  optics 
research  and  instrumentation  -  for  example,  as  a  test  probe  for  making  accurate 
measurements  of  the  performance  characteristics  of  optical  fibers  in  the  tight  confines 
of  an  integrated  optical  circuit.  Besides  being  measuring  tools,  microprisms  might  also 
eventually  have  applications  as  actual  elements  in  miniaturized  optical  circuits. 
Zongjian  Sun,  a  guest  scientist  at  NIST  from  Tongji  University  of  Shanghai,  People's 
Republic  of  China,  developed  the  procedure  to  grind  the  infinitesimal  prism  in 
conjunction  with  Robert  Gallawa,  a  physicist  in  NIST's  Electromagnetic  Technology 
Division. 

FOR  ADDITIONAL  INFORMATION:  Robert  Gallowa,  Div.  724.02,  NIST,  Boulder,  CO 
80303;      (303)497-3761. 
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Carbon  Sorption  Cryogenic  Regenerator 

Lower  temperature  and  longer  life  are  expected. 


A  proposed  liquid-helium  refrigerator 
would  include  a  regenerator  filled  with  car- 
bon sorbent  made  from  Saran  (or  equiva- 
lent) polyvinylidene  chloride.  The  new  ma- 
terial should  result  in  lower  operating 
temperatures  and  longer  times  between 
maintenance  than  those  of  comparable  re- 
frigerators containing  other  regenerators. 

Typical  refrigerators  based  on  the 
Gifford-McMahon  or  Stirling  cycles  include 
regenerators,  which  act  somewhat  like 
thermal  capacitors  for  the  helium  working 
fluid.  The  efficiencies  of  these  units  de- 
crease markedly  as  the  temperatures  de- 
crease below  15  K,  and  they  become  inop- 
erative below  about  9  K  due  to  the  loss  of 
volumetric  heat  capacity  at  such  low  tem- 
peratures. To  reach  lower  temperatures,  it 
is  presently  necessary  to  expand  the  heli- 
um through  very  tiny  Joule-Thomson  (J-T) 
valves,  which  eventually  become  clogged 
with  oil  from  the  helium  compressors  and 
thus  require  maintenance  after  approxi- 
mately 2,000  h  of  operation. 

The  calculated  volumetric  heat  capacity 
of  the  pressurized-helium/Saran  (or  equiva- 
lent) carbon  system  is  about  1  J/(cm3.  K)at 
4  to  15  K.  This  is  much  greater  than  that  of 
any  other  sorbent  used  thus  far  and  should 
make  it  possible  to  attain  operating  tem- 
peratures of  4  K  without  the  use  of  Joule- 
Thomson  valves.  Thus,  the  mean  time  be- 
tween maintenance  episodes  would  be 
increased  to  that  of  long-life  oil-lubricated 
helium  compressors  —  about  20,000  h. 

The  sorbent  material  is  made  by  slowly 


Cyclic 
Flow  of 
Helium 


The  Sorbent  Material  can  be  machined  to 
various  configurations  to  fit  inside  the  cy- 
lindrical regenerator  can.  A  particular  con- 
figuration is  chosen  with  regard  to  its  heat 
capacity,  pressure  drop,  and  rate  of  sorp- 
tion. 

heating  polyvinylidene  chloride  to  a  tem- 
perature of  700  °C  under  vacuum  or  nitro- 
gen. The  material  becomes  pyrolized,  and 


all  elements  except  carbon  are  driven  off, 
leaving  a  dense  charcoal  filled  with  micro- 
scopic pores  of  nearly  uniform  size.  Unlike 
ordinary  activated  charcoal,  this  material  is 
continuous  and  can  be  machined. 

Helium,  which  is  the  only  material  that 
has  a  high  specific  heat  below  10  K,  is  ad- 
sorbed in  great  quantities  into  the  micro- 
scopic pores.  This  sorption  regenerator  is 
then  capable  of  storing  great  quantities  of 
heat  between  each  compression/expan- 
sion cycle  and  is  expected  to  allow  efficient 
regeneration  cooling  down  to  4  K.  The  very 
large  surface  area  of  the  regenerator  is 
much  less  subject  to  contamination  than 
that  of  the  tiny  J-T  expansion  valve  in  of  liq- 
uid-helium refrigeration. 

In  a  proposed  configuration  of  the  re- 
generator (see  figure),  helium  flows  in  the 
gap  between  two  concentric  cylinders  of 
the  sorbent  material.  Because  the  heat 
conductivity  of  the  sorbent  is  much  greater 
than  that  of  the  compressed  helium  alone, 
the  sorbent  can  be  made  relatively  thick  to 
increase  the  heat  capacity. 

This  work  was  done  by  Jack  A.  Jones,  S. 
Walter  Petrick,  and  Michael  J.  Britcliffe  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
Refer  to  NPO-17291/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  J  PL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Joule-Thomson  Expander  Without  Check  Valves 

Cooling  is  effected  by  a  bidirectional,  reciprocating  flow  of  gas. 


A  new  type  of  Joule-Thomson  (J-T)  ex- 
pander for  cryogenic  cooling  requires  no 
'  check  valves  to  prevent  the  reverse  flow  of 
coolant.  The  new  expander  is  therefore 
more  reliable  than  the  conventional  J-T  ex- 
pander, which  contains  a  network  of  check 
valves,  each  a  potential  source  of  failure. 

The  flow  of  coolant  must  be  unidirec- 
tional in  a  conventional  J-T  expansion  sys- 
tem. Coolant  gas  flows  from  a  compressor 
through  check  valves  (which  ensure  unidi- 
rectionality),  a  precooler,  and  the  high- 
pressure  side  of  a  counterflow  heat  ex- 
changer. The  gas  expands  in  a  J-T  valve, 
cooling  a  heat  load.  The  expanded  gas 
passes  through  the  low-pressure  side  of 
the  heat  exchanger  and  another  set  of 
check  valves  before  returning  to  the  com- 
pressor. 

In  the  new  J-T  expander,  the  flow  of 
coolant  alternates  in  direction.  The 
counterflow  heat  exchanger  consists  of  a 
mirror-image  pair  of  gas  lines  soldered 
together  (see  figure).  The  high-pressure 
gas  from  a  compressor  on  the  left  side 
flows  through  a  precooler,  the  counterflow 
exchanger,  the  left  compartment  of  a  liq- 
uid-retaining chamber,  and  a  J-T  valve. 


Condensed  liquid  from  the  J-T  expansion 
collects  in  the  right  compartment,  while  the 
expanded  gas  flows  through  the  right  line 
of  the  counterflow  heat  exchanger  to  the 
right  compressor. 

The  direction  of  flow  is  then  reversed. 
The  right  compressor  pushes  gas  at  high 
pressure  through  the  right  compartment, 
causing  the  gas  to  expand  in  the  J-T  valve. 
Liquid  collects  in  the  left  compartment,  and 
gas  passes  to  the  left  compressor. 

The  flow  alternates  left  and  right.  The 
repeated  flow  through  the  J-T  valve  pro- 
vides liquid  to  cool  the  heat  load.  Liquid  ac- 
cumulated in  each  compartment  during 
each  half  cycle  evaporates  during  the  en- 
suing half  cycle,  removing  heat  from  the 
load. 

This  work  was  done  by  C.  K.  Chan  and  J. 
R.  Gatewood  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
RefertoNPO-17143/TN 


Reciprocating 
Flow  of  Gas  From  and  to 
Right  Compressor 
Reciprocating 
Flow  of  Gas  to  and  From 
Left  Compressor 


Precooler 


Temperature- 
Compensated 
Joule-Thomson 
Valve 


Precooler 


N  Counterflow 
Heat  Exchanger 


Left  Compartment  of 

Liquid-Retaining 

Chamber 


Right  Compartment  of 

Liquid-Retaining 

Chamber 


Gas  Flows  Alternately  from  left  to  right  and 
right  to  left.  The  heat  load  is  cooled  by 
evaporation  of  liquid  from  the  left  or  right 
compartment,  whichever  is  at  the  lower 
pressure. 


FOR  ADDITIONAL  INFORMATION:  Contact  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240.  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Oxidation  of  Reflectors 
Through  Pinholes  in 
Coatings 

Impacts  of  particles  create 
paths  for  corrosion  by 
monatomic  oxygen. 

A  report  describes  experiments  to  de- 
termine the  effects  of  monatomic  oxygen 
on  reflectors  that  have  been  damaged  by 
hard  particles.  The  report  applies  to  reflec- 
tors for  solar  dynamic  power  systems  in 
low  orbit  around  the  Earth,  where  neutral 
monatomic  oxygen  is  the  major  constit- 
uent of  the  atmosphere.  This  species  is 
highly  corrosive  and  attacks  a  variety  of 
materials. 

In  the  experiments,  silver  mirrors  with 
protective  coatings  were  subjected  to 
streams  of  27-^m  alumina  particles  to 
create  pinhole  defects.  In  each  case,  the 
protective  coating  was  a  layer  of  silicon 
dioxide  about  2,200  A  thick  on  a  layer  of 
aluminum  dioxide  700  A  thick  on  the  silver. 
Samples  were  prepared  on  both  graphite/ 
epoxy  composite  and  fused-quartz  sub- 
strates. After  erosion  by  the  alumina  par- 
ticles in  a  commercial  abrasive-blasting 
machine,  the  samples  were  exposed  to 
monatomic  oxygen  in  an  air  plasma  acti- 
vated by  continuous-wave  radiation  at  a 


frequency  of  13.56  MHz.  The  combined  ef- 
fects of  the  hard  particles  and  the  oxygen 
plasma  were  examined  by  both  reflect- 
ance measurements  and  scanning  elec- 
tron microscopy. 

It  was  evident  that  a  coating  cannot  pro- 
tect indefinitely  against  degradation  by  oxy- 
gen plasma  when  pinhole  defects  are  pres- 
ent. In  the  samples  on  the  graph ite/epoxy 
substrates,  the  substrates  as  well  as  the 
mirrors  were  oxidized  through  the  pin- 
holes. Undercutting,  once  it  began,  pro- 
ceeded at  a  rapid  rate.  At  undercut  sites, 
the  surfaces  collapsed,  indicating  that  the 
underlying  support  of  the  mirror  was  disap- 
pearing. 

In  samples  on  fused-quartz  substrates, 
the  silver  oxidized  at  a  slower  rate.  The  sil- 
ver oxide  protruded  through  the  pinholes, 
indicating  that  there  was  insufficient  space 
beneath  the  protective  coatings  to  accom- 
modate the  expanding  oxide.  This  would 
be  expected  if  the  substrate  were  not  oxi- 
dizable,  as  was  the  case  for  fused  quartz. 


A  mirror  would  have  to  be  in  low  orbit 
around  the  Earth  for  a  long  time  before  a 
significant  number  of  pinholes  developed 
as  a  result  of  micrometeoroidor  space-de- 
bris impacts.  It  is  more  likely  that  pinholes 
would  develop  during  manufacturing,  trans- 
portation, and  deployment.  Whatever  their 
sources,  the  defects  would  have  to  exist  in 
space  for  an  extended  period  before  the 
loss  of  reflectance  from  oxidation  would  be 
appreciable.  It  would  be  necessary  to  test 
a  mirror  sample  in  orbit  to  determine  the 
precise  rate  of  loss  of  reflectance. 

This  work  was  done  by  Daniel  A.  Gulino 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-88874 
"Effect  of  Hard  Particle  Impacts  on  the 
Atomic  Oxygen  Survivabil'ty  of  Reflector 
Surfaces  With  Transparent  Protective 
Overcoats."  [N87-11838/NSP],     A02 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700.  LE\N-14649fTN 


FOR  ADDITIONAL  INFORMATION:  Contact  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


918 


fWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Path-Following  Solutions  of 
Nonlinear  Equations 

Path-following  methods  have 
advantages  over  parametric 
differentiation. 

A  report  describes  some  path-following 
techniques  for  the  solution  of  nonlinear 
equations  and  compares  them  with  other 
methods.  The  use  of  multipurpose  tech- 
niques that  are  aoolicable  at  more  than 
one  stage  of  a  path-following  computation 
results  in  a  system  that  is  relatively  simple 
to  understand,  program,  and  use.  The 
comparison  of  path-following  techniques 
with  the  method  of  parametric  differentia- 
tion (MPD)  reveals  definite  advantages  for 
the  path-following  methods. 

Previous  path-following  methodology 
appears  to  have  focused  on  the  bifurcation 
theory  and  a  restricted  class  of  physical 
problems  that  have  bifurcating  solutions. 
On  the  other  hand,  the  closely  related  MPD 
has  been  applied  to  a  much  greater  variety 
of  problems.  However,  there  are  deficien- 
cies inherent  in  the  MPD,  both  in  theory  (it 
yields  only  an  approximate  solution)  and  in 


implementation.  These  deficiencies  are 
overcome  by  using  the  path-following  tech- 
niques of  this  study.  Consequently,  a  large 
class  of  problems  becomes  subject  to  es- 
sentially exact  solution. 

The  emphasis  in  this  investigation  has 
been  on  multiuse  techniques  that  can  be 
applied  at  more  than  one  stage  of  a  path-fol- 
lowing computation.  The  use  of  an  extrap- 
olation predictor,  for  example,  eliminates  the 
requirement  for  solving  an  operator  equa- 
tion for  the  predictor  solution  and  provides 
a  means  for  stepping  across  singular 
points.  The  use  of  perturbation  techniques 
for  locating  bifurcating  branches  reduces 
the  requirement  for  obtaining  the  slowly 
converging  solutions  near  bifurcation 
points. 

This  incorporation  of  multipurpose  tech- 
niques results  in  a  concise  computer  code 
that  is  relatively  simple  to  use.  The  com- 


parison of  the  MPD  with  the  path-following 
method  indicates  distinct  advantages  for 
the  path-following  method  both  in  efficien- 
cy and  accuracy. 

This  work  was  done  by  Raymond  L. 
Barger  of  Langley  Research  Center  and 
Robert  W.  Walters  of  Virginia  Polytechnic 
Institute  and  State  University.  Further  infor- 
mation may  be  found  in  NASA  TP-2654 
[N87-14054/NSP],  Price  Code:  A02 
"Some  Path-Following  Techniques  for 
Solution  of  Nonlinear  Equations  and 
Comparison  With  Parametric  Differen- 
tiation. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LAR-13750/TN 
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Phase  Separators  and  Fountain-Effect  Pumps  for  He  II 

Fused-glass  microchannel  arrays  for  use  as  HE  II  phase  separators  and  fountain-effect  pumps. 


The  characteristics  of  superfluid  helium 
(He  II)  phase  separators  and  fountain-ef- 
fect pumps  would  be  more  predictable  if 
the  standard  porous  plugs  (e.g.,  sintered 
metal-powder  plugs)  used  in  them  were  re- 
placed by  orderly  fusedglass  microchan- 
nel arrays.  Three  versions  of  microchannel 
devices  have  been  proposed  for  use  in  low- 
gravity  storage  and  cooling  systems  that 
contain  superfluid  helium. 

The  phase  separators  and  pumps  take 
advantage  of  the  thermomechanical  (foun- 
tain) effect  peculiar  to  He  II  in  restricted 
spaces  like  those  in  a  porous  plug.  The  ef- 
fect causes  the  plug  to  confine  a  bulk  sup- 
ply of  He  II  on  one  side,  while  allowing 
some  flow  via  the  evaporation  of  the  heli- 
um in  the  pores.  By  creating  a  thermal  gra- 
dient in  the  porous  plug,  the  direction  of 
flow  can  be  reversed,  turning  the  phase 
separator  into  a  pump.  However,  the  addi- 
tion of  heat  is  a  disadvantage. 


The  operating  characteristics  of  the 
pumps  and  phase  separators  depend  on 
the  configurations  of  the  channels  in  the 
porous  plugs.  The  channels  in  sintered 
plugs  are  irregular  and  have  various  sizes 
and  roughnesses.  The  macroscopic  prop- 
erties of  such  plugs  are  difficult  to  predict 
and  thus  must  be  measured  experimental- 
ly. 

On  the  other  hand,  the  pores  or  flow 
channels  in  fused-glass  microchannel  ar- 
rays are  uniform,  with  diameters  and 
lengths  of  the  order  of  micrometers  and 
millimeters,  respectively.  In  version  1  (see 
figure),  a  microchannel  array  is  used  di- 
rectly as  a  passive  porous  phase  separa- 
tor. In  version  2,  a  resistive  thin-film  heater 
on  one  face  establishes  the  thermal  gra- 
dient that  causes  the  device  to  act  as  a 
fountain-effect  pump. 

In  Version  3,  the  required  thermal  gradi- 
ent is  created  by  using  the  Peltier  effect  to 


transfer  heat  across  the  array,  thus  re- 
moving heat  from  the  He  II  supply  and 
overcoming  the  undesirable  addition  of 
heat.  A  Peltier  junction  is  formed  by  a  semi- 
conducting film  on  the  microchannel  sur- 
faces and  second  semiconducting  or  su- 
perconducting film  on  both  faces  of  an 
array.  Each  of  the  versions  is  in  various 
stages  of  conception  and  investigation. 
The  passage  of  electric  current  from  one 
surface  to  the  other  in  the  appropriate  di- 
rection causes  heat  to  flow  from  one  sur- 
face to  the  other. 

This  work  was  done  by  Paul  L. 
Whitehouse  of  Marshall  Space  Flight 
Center.  No  further  documentation  is  avail- 
able. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-28243/TN 


George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


Thin  Semiconducting  or  Superconducting 
Film  (Both  Faces)  and  Semiconducting 
Film  in  Holes 


MicroChannel  Arrays  could  be  used  as  the  basis  for  phase  separators  and  fountain-effect  pumps  for  superfluid  helium. 
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Stable  1.25-W  CW  Methanol  Laser 

Thermally  stable  design  keeps  the  rate  of  drift  of  frequency  within  ±100  kHz  per  hour. 

A  far-infrared  (FIR)  laser  operating  at  the 
119-Mm-wavelength  transition  of  methanol 
achieves  very  low  drift  in  frequency.  The 
continuous-wave  (CW)  FIR  output  is  1.25  W 
when  the  laser  is  pumped  by  a  125-W  com- 


Mlrror 
(1-m  Focal  Length) 


mercial  C02  laser.  The  rate  of  drift  of  the 
output  frequency  is  found  to  be  less  than 
±100  kHz  per  hour  because  the  laser  is 
designed  to  have  low  thermal-expansion 
coefficients  and  because  the  tempera- 
tures of  the  input  and  output  couplers  are 
held  within  0.1  °C  of  the  fixed  values. 

The  laser  (see  figure)  incorporates  coax- 
ial input  and  output  coupling  via  windows 
and  5-  and  10-mm-diameter  holes,  respec- 
tively, in  water-cooled,  gold-coated,  flat 
copper  end  mirrors.  A  Z-cut  quartz  window 
behind  the  output  coupler  has  a  dielectric 
coating  to  reflect  the  radiation  from  the 
C02  pump  laser.  The  folded  pump  optics 
have  a  focal  length  of  1  m.  Because  the 
ZnSe  window  in  the  input  path  is  the  only 
piece  of  transmissive  optics  in  the  pump 
line,  the  long-term  performance  of  the 
laser  should  be  improved.  The  output  win- 
dow is  made  of  white,  high-density  poly- 
ethylene. 

The  FIR  waveguide  is  housed  in  a  Pyrex™ 
tube  240  cm  long  and  3.4  cm  in  inside  di- 
ameter, with  a  coaxial  water  jacket.  Trans- 
lational  and  rotational  mounts  provide 
coarse  and  fine  adjustments  of  the  input 
and  output  mirrors.  The  mirrors  and  mounts 
are  all  placed  in  the  lasing  medium  to  avoid 
the  need  for  bellows. 

Heretofore,  increased  output  power  has 
been  the  main  goal  in  the  development  of 
FIR  lasers,  but  the  development  of  tunable- 
sideband  laser  systems  for  applications  in 
spectroscopy  makes  stability  of  frequency 
an  important  requirement  as  well.  The  im- 
proved performance  of  the  new  laser  is 
achieved  by  the  following  design  features: 
•  Reflecting  optics  are  used  wherever  pos- 
sible to  minimize  degradation  of  the  elec- 
tromagnetic modes  in  the  C02  laser 
caused  by  damaged  antireflection  coat- 
ings on  transmitting  optics. 
•The  input  and  output  assemblies  are 
placed  within  the  lasing  medium  to  mini- 


C02  Laser 


]^ii 


/ 


Polyethylene  Cooling 

Window  Water  In 


Cootino.  input 

Water  Out  Mirror 


V/ 


ZnSe 
Window 


Output 
Mirror 


This  1.25-W  Far-Infrared  Laser  operating  at  the  119-(im  (2,522.8-GHz)  transition  of  methanol 
has  a  frequency-drift  rate  of  less  than  100  kHz  per  hour. 


mize  external  effects  on  the  length  of  the 
laser  resonator  cavity  and  to  avoid  the  me- 
chanical instabilities  that  would  be  intro- 
duced by  the  use  of  bellows. 

•  The  input  and  output  couplers  are  cooled 
to  reduce  further  the  thermal  source  of 
changes  in  frequency. 

•  The  wall  of  the  resonator  is  cooled  to  5  °C, 
and  helium  is  added  as  a  buffer  gas  to 
overcome  the  power-limiting  effect  of  a 
quantum-mechanical  vibrational  transi- 
tion. The  peak  output  power  is  obtained 
when  the  partial  pressures  of  methanol 
and  helium  in  the  lasing  medium  are  300 
and  250  ^m  Hg  (40  and  33  Pa),  respective- 
ly. 


The  stability  of  the  frequency  was  meas- 
ured by  a  heterodyne  technique.  The  80.5- 
GHz  signal  from  a  klystron  was  mixed  with 
the  2,522.8-GHz  laser  signal,  generating 
sidebands  at  2,442.3  GHz  and  2,603.3 
GHz.  The  change  in  frequency  of  the  kly- 
stron required  to  tune  the  lower  sideband 
to  the  2,442.3-GHz  absorption  line  of  S02 
was  taken  to  be  the  change  in  the  frequen- 
cy of  the  laser  signal. 

This  work  was  done  by  Jam  Farhoomand 
and  Herbert  M.  Pickett  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory 
NPO-17346/TN 
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Calibration-Tube  Dewar 

Melting  ice  keeps  the  temperature  near  0°C  for  about  1  day. 


A  container  maintains  a  reference  ma- 
terial for  gas  chromatography  at  a  con- 
stant temperature  for  extended  periods. 
The  container  was  developed  for  holding 
peroxyacetylnitrate  (PAN),  a  material  that 
is  unstable  at  room  temperature  but  stable 
at  0°C.  The  container  keeps  a  vial  of  PAN  at 
this  temperature  by  immersing  it  in  a  mix- 
ture of  water  and  ice.  Substances  that  un- 
dergo phase  changes  at  other  tempera- 
tures can  be  substituted  for  ice  and  water  if 
different  reference  materials  and  storage 
temperatures  are  used. 

The  container  is  used  on  research  air- 
craft that  collect  and  analyze  air  samples  in 
the  troposphere  and  stratosphere.  In  a  re- 
cent research  expedition,  it  provided  PAN 
to  calibrate  an  airborne  chromatograph 
taking  the  first  PAN  measurements  above 
the  rain  forests  of  the  Amazon  River  basin. 
The  container  is  a  flight-rated  component 
that  is  portable,  compact,  and  rugged.  It 
maintains  PAN  at  0°C  for  about  24  hours 
with  a  single  charge  of  ice  and  water.  A 
single  vial  of  PAN  remained  stable  during  a 
20-day  stability  test  with  morning  and  after- 
noon additions  of  ice. 

The  container  consists  of  an  aluminum 
housing  with  a  stainless-steel  Dewar  flask 
suspended  in  polyurethane  foam  insula- 
tion (see  figure).  The  ice/water  mixture  sur- 
rounds a  10-mL  diffusion  vial  mounted  on 
the  cover  of  the  flask. 

The  vial  holds  5  mL  of  PAN  in  n-tridec- 
ane  solvent.  A  metered  flow  of  ultrapure  air 
sweeps  across  the  opening  of  the  vial,  mix- 
ing with  PAN  and  carrying  it  to  the  chromat- 
ograph. The  flow  is  diluted  to  provide  the 
required  concentration  of  PAN,  ranging 
from  0.05  to  50  parts  per  billion  by  volume. 

This  work  was  done  by  Donald  B.  Herlth 
of  Ames  Research  Center  and  Dean  P. 
O'Hara  of  San  Jose  State  University. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center  Refer  to  ARC-12119/TN 


Ames  Research  Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)  694-5104 
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The  Perforated  Tube  Surrounds  the  Vial,  protecting  It  from  damage  by  Ice  out  allowing  cold 
water  to  circulate  around  It.  The  plug  with  the  handle  is  removable  so  that  ice  can  be  added 
through  the  filler  tube.  O-rlngs  seal  the  joints  around  removable  par.s. 
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Coolant-Control  Valves  for  Fluid-Sampling  Probes 

Small  built-in  leaks  prevent  overheating. 


In  many  aeronautical  applications,  it  has 
been  found  necessary  to  sample  hot 
streams  of  exhaust  or  other  gases  where 
the  temperatures  of  the  sample  fluids  must 
be  controlled  within  finite  limits.  In  such  an 
application,  a  steam-  or  water-cooled  gas- 
sampling  probe  is  inserted  into  a  hot 
stream  of  gas  to  extract  a  sample.  The 
temperature  of  the  sample  is  then  typically 
adjusted  by  adjusting  the  rate  of  flow 
and/or  temperature  of  the  coolant  (for  ex- 
ample, by  switching  between  steam  and 
water). 

In  a  typical  installation  (see  Figure  1 ),  the 
coolant-fluid  control  valve  is  located  down- 
stream of  the  probe  to  force  the  flowing 
coolant  to  fill  the  probe  and  to  suppress 
boiling  of  the  coolant  fluid.  The  tempera- 
ture of  the  coolant  is  monitored  at  the  exit 
of  the  probe  to  couple  it  closely  to  the 
probe. 

When  a  globe  valve  was  used  to  control 


the  coolant  flow,  there  was  a  tendency  to 
overheat  the  probe  by  inadvertently  turning 
off  a  flow  of  coolant  in  the  process  of  throt- 
tling the  coolant.  This  was  due  to  the  delay 
between  an  adjustment  of  the  valve  and 
the  moment  when  the  fluid  reached  the 
temperature  sensor.  This  delay  increased 
as  the  valve  was  closed,  making  adjust- 
ments difficult  at  low  rates  of  flow. 

To  solve  this  flow-adjustment  problem, 
the  downstream  flow-control  globe  valve 
was  replaced  with  a  modified  gate  valve. 
The  modification  consisted  of  drilling  a 
small  hole  through  the  valve  gate  (see  Fig- 
ure 2),  so  the  valve  could  never  be  turned 
completely  off.  This  "leaky"  valve  provided 
enough  flow  of  coolant  to  prevent  the  over- 
heating that  could  cause  the  probe  to  fail. 

This  work  was  done  by  Donald  F. 
Schultz  of  Lewis  Research  Center.  No 
further  documentation  is  available. 
LEW-14687 
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Figure  1.  A  Probe  Is  Cooled  by  water.  The  flow  of  water  is  controlled  by  a  valve  downstream 
of  the  probe  to  maintain  the  desired  temperature  as  measured  by  a  sensor  downstream  of 
the  probe.  Fjgure  2  A  Bui|t.|n  Leak  (a  drj||ed  n0|e)  as. 

sures  a  minimum  flow  of  coolant  to  prevent 
overheating.  This  principle  could  also  be 
applied  to  an  automatic  control  system  by 
installing  a  small  bypass  line  around  the 
control  valve. 
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SCHEMATIC  OF  BYPASS  LINE  FOR 
AUTOMATIC-CONTROL  INSTALLATION 
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Noiseless  Coding  of 
Magnetometer  Signals 

Adaptive  coding  can 
compress  data  by  factors 
ranging  from  2  to  6. 

A  report  discusses  the  application  of 
noiseless  data-compression  coding  to  the 
digitized  readings  of  spaceborne  magne- 
tometers for  transmission  back  to  Earth. 
The  objective  of  such  coding  is  to  increase 
efficiency  by  decreasing  the  rate  of  trans- 
mission without  sacrificing  the  integrity  of 
the  data. 

The  magnetometers,  to  be  flown  aboard 
the  Mars  Observer  and  Comet  Rendez- 
vous Asteroid  Flyby  missions,  will  produce 
a  sequence  of  measurement  vectors  at  in- 
tervals of  t  (probably  >  0.05  s).  The  meas- 
urement vector  Vj  at  time  f,  will  consist  of 
rs,  Xj,  Yj,  and  zr  where  rt  is  a  pr-b\\  number 
that  denotes  the  dynamic  range,  and  x ,  y , 
and  Zj  are  m-bit  representations  of  the 
three  orthogonal  components  of  the  mag- 
netic field  put  out  by  a  linear  quantizer  op- 
erating in  the  range  rr  The  maximum  an- 
ticipated values  of  /?rand  m  are  3  and  12, 
respectively.  With  these  parameters,  the 
maximum  anticipated  rate  of  transmission 
would  be  780  bits/s,  but  engineering  con- 
cerns require  a  lower  rate. 

Data-compression  coding  reduces  the 
rate  by  using  the  previous  data  to  predict 
the  subsequent  data  to  the  extent  possible, 
thus  requiring  the  transmission  of  only  the 
difference  between  the  true  and  antici- 
pated values.  Coding  is  said  to  be  "noise- 


less" when  it  introduces  no  noise;  i.e., 
when  the  full  input  data  can  be  recovered 
from  the  coded  output  data.  The  following 
noiseless-coding  scheme  was  selected  to 
compress  the  magnetometer  data: 

1 .  Rearrange  the  data  from  a  sequence  of  J 
input  vectors  into  separate  sequences  of 
r.x.y,  and  z  values. 

2.  Process  the  sequence  of  J  r  values  into  a 
sequence  of  variable-length  (up  lopr+ 1) 
subsequences  of  bits  specified  by  the 
compression  code  for  r.  In  a  subse- 
quence, a  zero  in  the  first  bit  signals  no 
change,  in  which  case  the  /3r  subsequent 
bits  are  not  transmitted.  A  one  in  the  first 
bit  signals  a  change,  in  which  case  the 
next  ftr  bits  are  transmitted  to  signal  the 
new  range. 

3.  Process  the  x,  y,  and  z  sequences  in  turn 
according  to  a  compression  code  in 
which  the  difference  between  the  pre- 
dicted and  the  previous  value  of  x,  y,  or  z 
is  mapped  into  a  set  of  integers. 

4.  Compress  the  x,  y,  and  z  data  further  ac- 
cording to  a  variable-length-code  algo- 
rithm developed  previously. 

5.  Assemble  the  data  for  transmission  as 
the  sequence  of  J  coded  r  values  fol- 
lowed by  the  sequences  of  x,  then  y,  then 
z  values. 


6.  Repeat  the  process  for  the  next  se- 
quence of  J  measurement  vectors. 
This  scheme  was  implemented  with  sev- 
eral coding  algorithms,  which  were  tested 
with  data  from  a  previous  magnetometer 
experiment  of  m  =9,(ir=  3,andr  =  one- 
sixth  second.  While  these  parameters  do 
not  match  those  of  the  future  magnetome- 
ter data,  the  tests  nevertheless  indicate 
trends.  Data-transmission  rates  were  re- 
duced by  compression  factors  ranging  from 
slightly  less  than  2  up  to  6.  A  "breadboard" 
coder  built  with  an  8086  microprocessor  re- 
quired about  1,000  bytes  of  memory  for  in- 
structions and  another  1,000  bytes  of  mem- 
ory for  internal  buffers.  A  breadboard 
decoder  was  about  half  the  size  of  the 
coder.  Both  had  throughput  rates  of  20 
kb/s  —  far  higher  than  the  rates  of  the  mag- 
netometer data  to  be  processed. 

This  work  was  done  by  Robert  F.  Rice 
and  Jun-Ji  Lee  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory    "Noiseless 
Coding  for  the  Magnetometer, " 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office-JPL  Refer  to   NPO-17320/TN 
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Plasma/Neutral-Beam  Etching  Apparatus 

The  energies  of  neutral  particles  are  controllable. 


An  apparatus  has  been  developed  to  pro- 
duce intense  beams  of  reactant  atoms  for 
simulating  low-Earth-orbit  oxygen  erosion, 
for  studying  beam-gas  collisions,  and  for 
etching  semiconductor  substrates.  The 
neutral  beam  is  formed  by  neutralization 
and  reflection  of  an  accelerated  plasma  on 
a  metal  plate.  Initial  operation  of  the  device 
has  been  very  successful  in  producing  con- 
tinuous and  intense  MO-eV  atomic  oxygen 
beams,  which  have  been  used  to  etch  ele- 
mental carbon  and  polymer  layers  similar  to 
those  used  in  spacecraft  and  semiconduc- 
tor applications.  Lattice  damage,  resulting 
from  electrically  charged  and/or  from  high- 
energy  particles,  is  not  caused  in  this  de- 
vice, because  its  reactant  etchants  are  low- 
energy  neutral  atoms. 

The  apparatus  (see  figure)  includes  a 
water-cooled  coaxial  plasma  gun  and  a 


water-cooled  neutralizing  plate  in  a  vacuum 
chamber.  Substrates  to  be  eroded  or  etched 
can  be  mounted  in  either  of  two  erosion 
chambers,  which  are  side  extensions  of  the 
main  vacuum  chamber.  Power  of  1  to  2  kW 
at  2.45  GHz  is  supplied  to  the  inner  and 
outer  electrodes  of  the  plasma  gun.  The  re- 
actant gas,  typically  02  in  the  current  de- 
vice, is  supplied  to  the  plasma  gun  through  a 
piezoelectric  valve.  The  radio-frequency 
(RF)  energy  ionizes  and  heats  the  gas,  pro- 
ducing a  2-cm  diameter  beam  of  plasma,  of 
the  order  of  1  A  per  kW  of  RF  power. 

Electromagnets  surrounding  the  vacuum 
chamber  at  both  ends  produce  a  magnetic 
field  of  3  kG,  which  collimates  the  ions  and 
guides  them  towards  the  neutralizing  plate. 
The  neutralizing  plate  is  biased  to  acceler- 
ate the  ions  to  energies  of  3  to  10  eV.  On 
striking  the  neutralizes  the  ions  pick  up  an 
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A  PUtmt  It  EJactw)  from  a  coaxial  plasma  gun  toward  a  neutralizing  plate,  where  It  Is  turned  Into  a  beam  of  atoms  or  molecules  and  aimed  at 
a  substrate  to  be  etched. 


electron  and  reflect  from  the  plate  as  a  neu- 
tral beam,  which  can  then  be  used  for  ero- 
sion or  etching.  The  neutralizing  plate  may 
be  coated  with  platinum,  gold,  or  iridium  to 
resist  sputtering  and  chemical  erosion. 

The  constructed  device  uses  1  kW  of 
power  and  has  produced  1  A  of  atomic  oxy- 
gen ions,  with  a  particle  density  greater  than 
1013,  a  duty  cycle  of  25  percent,  and  ener- 
gies up  to  30  eV.  In  the  initial  tests  with  this 
device,  5-/jm-thick  carbon  films  and  various 
<  40-fim-thick  carbon  paints  have  been 
eroded  after  exposure  to  a  5-eV  beam  of  ox- 
ygen with  a  flux  of  1015  to  1016  0  atoms 
(cm)_2s_1. 

This  work  was  done  by  William  Langer, 
Samuel  Cohen,  John  Cuthbertson,  Dennis 
Manos,  and  Robert  Motley  of  Princeton  Uni- 
versity for  Marshall  Space  Right  Center. 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights  for 
its  commercial  use  should  be  addressed  to 

William  D.  Langer 

Princeton  University 

Plasma  Physics  Laboratory 

James  Forrestal  Campus 

P.O.  Box  451 

Princeton,  NJ  08544 
Refer  to  MFS-26068/TN 
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Algorithm  for  Solution  of  Navier-Stokes  Equations 

Advantages  of  two  previous  algorithms  are  combined. 


An  algorithm  for  the  solution  of  the  two- 
dimensional,  steady-state  Navier-Stokes 
equations  has  been  developed  by  combin- 
ing the  efficiency  of  the  LU-SSOR  scheme 
with  the  accuracy  of  the  flux-limited  dissi- 
pation scheme.  The  algorithm  has  been 
used  to  predict  laminar,  turbulent,  and  hy- 
personic flows. 

The  development  begins  with  the  classi- 
cal equations  for  the  two-dimensional,  vis- 
cous flow  of  a  gas  in  thermodynamic  equili- 
brium.The  flow  is  characterized  by  Cartesian 
components  of  velocity  as  functions  of  po- 
sition and  time.  The  dependent  variables 
include  the  mass  density,  total  energy  per 
unit  mass,  pressure,  and  temperature.  The 
pressure  is  obtained  from  an  equation  of 
state,  as  a  function  of  the  ratio  of  specific 
heats  and  the  difference  between  the  den- 
sities of  total  and  kinetic  energy.  The 
Navier-Stokes  equations  are  written  in  the 
form  of  conservation  laws  for  the  fluxes  of 
mass,  momentum,  and  energy,  with  source 
terms  based  on  scalar  coefficients  of 
viscosity  and  thermal  conductivity. 

The  steady-state  Navier-Stokes  equa- 
tions are  put  in  an  implicit  finite-difference 
form  that  can  be  solved  by  approximate 
Newton  iteration.  Because  of  the  rapid 
growth  in  the  number  of  arithmetical  oper- 
ations with  the  number  of  cells  in  the  fi- 
nite-difference mesh,  such  systems  of 
equations  have  previously  been  solved  in- 
directly by  relaxation  methods. 

The  LU-SSOR  scheme  is  a  new  relaxa- 
tion method  that  combines  the  advantang- 
es  of  LU  factorization  with  Gauss-Seidel 
relaxation.  The  vectorizable  LU-SSOR 
scheme,  which  is  based  on  central  differ- 
ences, requires  scalar  diagonal  inversions. 
The  application  of  the  scheme  to  the  ap- 
proximate Newton  iteration  of  the  Navier- 
Stokes  equations  yields  a  set  of  equations 
that  require  no  implicit  smoothing  on  the 
left  side.  Only  adaptive,  total-variation-di- 
minishing, flux-limited  dissipation  terms 
are  added  to  the  right  side. 

The  algorithm  was  able  to  simulate  a 
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These  Velocity  Vectors  mark  the  viscous  flow  past  a  National  Advisory  Committee  for  Aero- 
nautics 0012  airfoil  at  mach  0.5,  Reynolds  number  5,000,  and  zero  angle  of  attack. 


subsonic,  viscous,  laminar  flow  past  an  air- 
foil (see  figure).  It  also  performed  well  when 
applied  to  a  subsonic,  viscous,  turbulent 
flow  past  an  airfoil  and  to  two  hypersonic, 
inviscid  flows  past  an  inlet. 

This  work  was  done  by  Seokkwan  Yoon 
of  Sverdrup  Technology,  Inc.,  for  Lewis 
Research  Center.  Further  information 
may  be  found  in  NASA  CR-1 79608  [N87- 


20243],  Price  Code:  A02  "A  Navier- 
Stokes  Solver  Using  the  LU-SSOR  TVD 
Algorithm." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14656/TN 
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Application  of 
Artificial  Intelligence  to 
Wind  Tunnels 

Goals  include  data  of  better 
quality,  increased  productivity, 
and  retention  of  expertise. 

A  report  discusses  the  potential  use  of 
artificial-intelligence  systems  to  manage 
the  wind-tunnel  test  facilities  at  Ames 
Research  Center.  One  of  the  goals  of  this 
program  is  to  obtain  experimental  data  of 
better  quality  and  otherwise  generally  in- 
ci  Base  the  productivity  of  the  facilities. 
Another  goal  is  to  increase  the  efficiency 
and  expertise  of  current  personnel  and  to 
retain  the  expertise  of  former  personnel. 
The  third  goal  is  to  increase  the  effec- 
tiveness of  management  through  the  more 
efficient  use  of  accumulated  data. 

The  authors  recommend  the  develop- 
ment of  three  major  artificial-intelligence 
systems  to  achieve  these  goals.  One 
would  include  expert  subsystems  that 
could  be  used  in  planning  and  conducting 
wind-tunnel  tests;  for  advice  and  training  in 
the  understanding  of  the  characteristics  of 
wind  tunnels,  measuring  instruments,  and 
ancillary  equipment;  and  to  assist  in  set- 
ting up  tests  to  meet  various  objectives 
and  requirements. 

This  system  would  include  what  amounts 
to  an  interactive  electronic  instruction 


manual  similar  to  some  textual-information 
systems  that  are  already  commercially 
available.  A  pretest-intelligent-assistant 
subsystem  would  help  engineers  in  the 
design  of  models  and  selection  of  instru- 
mentation. A  prototype  subsystem  to  aid  in 
the  selection  of  strain-gauge  balances  to 
be  inserted  in  models  is  described  in  an  ap- 
pendix. One  subsystem  would  incorporate 
computational  fluid  dynamics  to  help  in 
planning  tests.  Other  subsystems  include 
one  to  assess  the  quality  of  data  during  and 
after  tests,  one  to  correct  for  the  effects  of 
the  walls  of  wind  tunnels  on  experimental 
data,  and  one  for  training. 

The  second  major  artificial-intelligence 
system  would  guide  the  diagnosis,  moni- 
toring, and  repair  of  equipment.  By  dupli- 
cating established  techniques  used  by  ex- 
perienced technicians,  one  subsystem 
could  spot  emerging  trouble  early,  thereby 
increasing  productivity  by  preventing  un- 
necessary damage  and  unnecessary  repe- 
tition of  tests.  One  subsystem  would 
monitor  sensors  during  tests  for  signs  of 
malfunctions.  Another  subsystem  would 


monitor  wind-tunnel  machinery. 

The  third  major  artificial-intelligence 
system  would  be  an  interactive  system  for 
the  management  of  the  data  base  of  multi- 
year  test  statistics.  This  system  would  be 
used  to  improve  schedules  of  operation 
and  maintenance  of  tunnels  and  other 
equipment,  the  assignment  of  personnel, 
the  distribution  of  electrical  power,  and  the 
analysis  of  costs  and  productivity.  Several 
commercial  artificial-intelligence  comput- 
er programs  are  discussed  as  possible 
candidates  for  this  use. 

This  work  was  done  by  Ching  F  Lo  and 
Frank  W.  Steinle,  Jr.,  of  Ames  Research 
Center.  "Application  of  Intelligence 
Systems  to  Wind  Tunnel  Test  Facilities. " 

Copies  may  be  purchased  from  the 
AIAA  Technical  Information  Services, 
Library,  West  57th  Street,  New  York, 
New  York  10019,  Telephone  no.  (212) 
247-6500.  ARC-12229/TN 
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Efficient  Computation  of 
Behavior  of  Aircraft  Tires 

Simplified  mathematical 
models  approximate 
unsymmetrical  responses  to 
loads  and  environments. 

A  NASA  technical  paper  discusses  the 
challenging  application  of  computational 
structural  mechanics  to  the  numerical  sim- 
ulation of  the  responses  of  aircraft  tires 
during  taxiing,  takeoff,  and  landing.  An  ade- 
quate mathematical  model  must  represent 
the  environment  to  which  a  tire  is  subject- 
ed  and  the  composite  structure  of  the  tire, 
which  includes  rubber  and  textile  consti- 
tuents that  exhibit  anisotropic,  nonhomo- 
geneous  properties. 

The  tires  are  subjected  to  inflation  pres- 
sure and  to  a  variety  of  unsymmetric  me- 
chanical and  thermal  loads  that  can  result 
in  large  structural  rotations  and  deforma- 
tions as  well  as  in  variations  in  the  charac- 
teristics of  the  constituents.  Also,  the  lami- 
nated carcass  of  an  aircraft  tire  is  thick 
enough  to  allow  significant  transverse 
shear  deformations,  and  it  may  be  neces- 
sary to  use  three-dimensional  finite  ele- 
ments to  model  the  detailed  stress  and 
temperature  distributions  in  certain  re- 
gions of  the  tire. 

These  difficulties  can  make  it  prohibi- 
tively expensive  to  simulate  numerically 


the  response  of  a  tire.  Current  tire-model- 
ing studies  at  NASA  Langley  Research 
Center  are  aimed  at  developing  an  accur- 
ate and  cost-effective  computational  strat- 
egy for  predicting  the  response.  This  study 
presents  a  simple  and  effective  strategy 
for  reducing  both  the  size  (that  is,  the  com- 
plexity) of  the  mathematical  model  of  a  tire 
and  the  cost  of  analysis  of  a  tire  in  the  pres- 
ence of  symmetry-breaking  conditions  (un- 
symmetry  in  the  tire  material,  shape,  or 
loading).  The  strategy  is  based  on  the  ap- 
proximation of  the  unsymmetric  response 
of  the  tire  with  a  linear  combination  of  sym- 
metric and  antisymmetric  global  approx- 
imation vectors  or  modes.  The  paper 
demonstrates  the  effectiveness  of  the 
strategy  with  numerical  examples  and  out- 
lines the  potential  of  the  strategy  for  solving 
practical  tire  problems. 

The  paper  presents  details  of  the  three 
main  elements  of  the  computational  strate- 
gy: the  use  of  special  three-field,  mixed- 
finite-element  models;  the  use  of  operator 
splitting;  and  the  application  of  a  technique 
that  reduces  substantially  the  number  of 


degrees  of  freedom.  The  proposed  compu- 
tational strategy  is  applied  to  two  quasi- 
symmetric  problems:  the  linear  analysis  of 
anisotropic  tires  through  the  use  of  two-di- 
mensional-shell finite  elements  and  the 
nonlinear  analysis  of  orthotropic  tires  sub- 
jected to  unsymmetric  loading.  Three  basic 
types  of  symmetry  and  comPinations 
thereof  exhibited  by  response  of  the  tire 
are  identified. 

This  work  was  done  by  John  A.  Tanner 
of  Langley  Research  Center,  Ahmed  K. 
Noor  of  the  Joint  Institute  for  Advancement 
of  Flight  Sciences,  and  Carl  M.  Andersen  of 
the  College  of  William  and  Mary.  Further  in- 
formation may  be  found  in  NASA  TP-2649 
[N87-17690],  Price  Code:  A04  "Exploiting 
Symmetries  in  the  Modeling  and  Analysis 
of  Tires." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LAR-13815/TN 
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Liquid  Angular- 
Momentum  Compensator 

Flow  in  a  loop  supplants 
the  rotation  of  a 
heavy,  rigid  wheel. 

A  brief  report  discusses  the  use  of  a 
fluid-loop  reaction  ring  as  part  of  a  system 
that  would  orient  a  spacecraft.  The  pro- 
posed device  would  impart  angular  rota- 
tion to  the  spacecraft  by  reacting  against  a 
liquid  contained  in  the  loop.  A  pump,  or 
pumps,  would  provide  the  impetus  to  both 
the  spacecraft  and  the  fluid.  Hydraulic  ac- 
cumulators and  valves  could  be  added  to 
control  the  flow. 

For  maximum  effect,  the  flowing  (coun- 
terrotating)  mass  should  be  at  the  largest 
feasible  diameter,  but  the  operation  of  the 
loop  would  not  depend  critically  upon  the 
precise  maintenance  of  a  specified  shape. 
The  loop  could  be  made  in  any  of  a  variety 
of  configurations  consistent  with  the  re- 
quired distribution  of  mass  or  effect  on 
angular  momentum.  For  example,  without 
an  excessive  increase  in  mass,  the  loop 
could  be  deployed  as  a  ring  that  surrounds 
the  body,  or  it  could  be  laid  out  along  a  con- 
venient path  around  the  periphery  of  the 
body  in  the  plane  perpendicular  to  the 
angular-momentum  axis  in  question. 

This  technique  offers  better  control  than 
that  of  attitude-control  thrusters.  It  also  of- 
fers several  advantages  in  applications 
that  would  otherwise  require  a  large,  rigid 


reaction  wheel: 

•  The  fluid  loop  need  occupy  only  a  periph- 
eral circulation  path,  whereas  a  rigid  reac- 
tion wheel  would  occupy  the  entire  plane 
of  rotation  out  to  its  maximum  diameter 
and  thus  interfere  with  the  mounting  of 
other  equipment. 

•  Unlike  a  reaction  wheel,  the  fluid  loop  does 
not  necessarily  require  a  motor  sized  for 
maximum  torque. 

•The  fluid  loop  does  not  require  a  large, 
heavy  supporting  structure  nor  a  stiff, 
heavy  hub.  Thus,  the  overall  mass  is  re- 
duced, and  a  greater  portion  of  the  overall 
mass  is  concentrated  in  the  peripheral  cir- 
cuit. 
•The  fluid  loop  does  not  require  difficult-to- 
make  bearings  specified  to  withstand  high 
launch-acceleration  loads,  provide  high 
stiffness,  operate  smoothly,  and  exert 
minimal  frictional  torque. 
If  the  fluid  has  a  sufficiently  low  vapor 
pressure,  it  is  not  necessary  to  use  a 
strong,  heavy  tube  to  contain  it.  Provided 
that  the  fluid  is  kept  relatively  free  of  bub- 
bles and  that  it  is  relatively  incompressible, 
its  center  of  mass  should  not  shift  appre- 
ciably. Thus,  unlike  a  reaction  wheel,  the 
fluid  loop  should  not  have  to  be  balanced 
dynamically. 


This  work  was  done  by  Theodore  C. 
Iskenderian  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  To  obtain  a  copy 
of  the  report,  "Fluid-Loop  Reaction  Ring," 
Circle  68  on  the  TSP  Request  Card. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL. 
Refer  to  NPO-17204/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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A02 10.95 

A03 13.95 

A04  through  A05 15.95 

A06  through  A09 21 .95 

A10  through  A13 28.95 

A1 4  through  A17 36.95 

A18  through  A21 42.95 

A22  through  A25 49.95 

A99 Call  for  price 

These  prices  are  for  customers  in 
United  States,  Canada,  and  Mexico. 
Other  addresses  should  write  for  the 
price  listing,  number  PR-360-4. 

Prices  effective  January  1 ,  1 989 


■M, 


ting  Service:  There  is  a  $7.50  charge 
is  service.  It  is  restricted  to  customers 
in  the  United  States,  Canada,  and  Mexico. 
A  late  payment  charge  will  be  applied  to  all 
billings  more  than  30  days  overdue. 


If  your  address  lable  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1     ADDRESS  INFORMATION 

Last  Name 

Title 

Company/Organization 

Address   

City/State/ZIP 

Telephone  Number 


2    METHOD  OF  PAYMENT 

I    I    Charge  my  NTIS  Deposit  Account    _ 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

O    Please  bill  ADD  $7.50  per  order  (see  below  for  restrictions)1' 
Purchase  order  number 


Charge  my      Q  American  Express       O  VISA      EH   MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 

/NAC 


/NAC 
/NAC 
/NAC 
/NAC 


Handling  fee          $3.00 
Total     


PENN  STATE  UNIVERSITY  LIBRARIES 


Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 

Materials 

Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation  &  Components 
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